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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant (s) : 



IDE, et al 



Serial No. : 



09/509,768 



Filed: 



March 31, 2000 



For : 



ROTATING ELECTRIC MACHINE AND COOLING METHOD 
THEREOF 



Group : 



Examiner : 



PRELIMINARY AMENDMENT 



Commissioner for Patents 

Washington, D.C. 20231 November 14, 2000 

Sir: 

The following preliminary amendments and remarks are 
r^espectf ully submitted in connection with the above-identified 
application . 

IN THE SPECIFICATION; 

Please replace the original specification with the 
attached Substitute Specification. 

IN THE CLAIMS; 

Please amend the claims as follows : 

1, (amended) A rotating electric machine comprising: 
a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 
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a cooler provided at least in one ventilating passage , 
[communicated to] communicating with a central portion [in the 
axial direction] of said stator iron core^ of said plurality 
of ventilating passages; 

a booster for boosting a coolant; and 

a ventilating circuit in which the coolant boosted by 
said booster, being cooled by said cooler, [and] is allowed to 
flow to said central portion [in the axial direction] of said 
stator iron core in the direction from the outer peripheral 
side to the inner peripheral side of said stator iron core via 
said ventilating passage [communicated to] which communicates 
with said central portion [in the axial direction] of said 
stator iron core. 

2. (amended) A rotating electric machine comprising: 
a plurality of ventilating passages formed between a 

stator frame and a stator iron core; 

coolers provided in said plurality of said ventilating 

passages ; 

a booster for boosting a coolant; and 

a ventilating circuit in which part or all of the coolant 
cooled by one of said coolers and boosted by said booster is 
further cooled by another of said coolers, and is allowed to 
flow to a central portion [in the axial direction] of said 
stator iron core in the direction from the outer peripheral 
side to the inner peripheral side of said stator iron core at 
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least via one ventila'ting passage , [ communicated to ] 
communicating with said central portion [in the axial 
direction] of said stator iron core, of said plurality of 
ventilating passages. 

3. (amended) A rotating electric machine comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

coolers provided in said plurality of ventilating 
passages ; 

a fan for boosting a coolant ; 

a first ventilating circuit in which the coolant boosted 
by said fan is introduced from the inner peripheral side of 
said stator iron core into some of said ventilating passages 
and is cooled by some of said coolers; and 

a second ventilating circuit in which the coolant boosted 
by said fan is cooled by some of said coolers and is allowed 
to flow to said stator iron core in the direction from the 
outer peripheral side to the inner peripheral side of said 
stator iron core via some of said ventilating passages; 

wherein at least one ventilatincf passage , [communicated 
to] communicating with a central portion [in the axial 
direction] of said stator iron core, of said plurality of 
ventilating passages^ constitutes part of said second 
ventilating circuit . 
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4- (amended) A rotating electric machine comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stater iron core; 

coolers provided in said plurality of ventilating 
passages ; 

a fan for boosting the coolant; 

a first ventilating circuit in which the coolant boosted 
by said fan is introduced from the inner peripheral side of 
said stator iron core to some of said ventilating passages and 
is cooled by some of said coolers; and 

a second ventilating circuit in which the coolant boosted 
by said fan and branched from said first ventilating circuit 
is cooled by some of said coolers, and is allowed to flow to 
said stator iron core in the direction from the outer 
peripheral side to the inner peripheral side of said stator 
iron core; 

wherein at least one ventilating passage ^ [communicated 
to] communicating with a central portion [in the axial 
direction] of said stator iron core, of said plurality of 
ventilating passageSj^ constitutes part of said second 
ventilating circuit . 

5. (amended) A rotating electric machine in which the 
inside of said machine is cooled by a coolant enclosed 
therein , comprising : 

a plurality of ventilating passages formed between a 
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stator frame and a stator iron core; 

coolers provided in said plurality of ventilating 
passages ; 

a fan for boosting a coolant; 

a first ventilating circuit in which the coolant boosted 
by said fan is introduced from the inner peripheral side of 
said stator iron core into some of said ventilating passages 
and is cooled by some of said coolers; and 

a second ventilating circuit in which the coolant boosted 
by said fan is cooled by some of said coolers and is allowed 
to flow to said stator iron core in the direction from the 
outer peripheral side to the inner peripheral side of said 
stator iron core via some of said, ventilating passages; 

wherein at least one ventilating passage , [communicated 
to] communicating with a central portion [in the axial 
direction] of said stator iron core, of said plurality of 
ventilating passages^ constitutes part of said second 
ventilating circuit . 

6. (amended) A rotating electric machine in which the 
inside of said machine is cooled by atmospheric air sucked 
from outside said machine, comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core ; 

a fan for boosting a coolant; 

a first ventilating circuit in which [the] atmospheric 
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air boosted by said fan is introduced from the inner 
peripheral side of said stator iron core into some of said 
ventilating passages; and 

a second ventilating circuit in which [the] atmospheric 
air boosted by said fan is allowed to flow to said stator iron 
core in [the] a direction from the outer peripheral side to 
the inner peripheral side of said stator iron core via some of 
said ventilating passages; 

wherein a cooler is provided at least in one ventilating 
passage ^ which constitutes part of said second ventilating 
circuit and which [is communicated to] communicates with a 
central portion [in the axial direction] of said stator iron 
core, of said plurality of ventilating passages. 

7. (amended) A rotating electric machine in which the 
inside of said machine is cooled by atmospheric air sucked 
from outside said machine, comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

a fan for boosting a coolant; 

a first ventilating circuit in which [the] atmospheric 
air boosted by said fan is introduced from the inner 
peripheral side of said stator iron core into some of said 
ventilating passages; and 

a second ventilating circuit in which [the] atmospheric 
air boosted by said fan is allowed to flow to said stator iron 
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core in [the] a direction from the outer peripheral side to 
the inner peripheral side of said stator iron core via some of 
said ventilating passages; 

wherein a cooler is provided at least on the way of a 
ventilating passage for communicating an atmospheric air 
suction hole to one ventilating passage , which constitutes 
part of said second ventilating circuit and which [is 
communicates to] communicates with a central portion [in the 
axial direction] of said stator iron core, of said plurality 
of ventilating passages. 

9. (amended) A rotating electric machine comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

coolers provided in said plurality of ventilating 
passages ; 

a fan for boosting a coolant; 

a first ventilating circuit in which the coolant boosted 
by said fan is introduced from the inner peripheral side of 
said stator iron core into some of said ventilating passages 
and is cooled by some of said coolers; and 

a second ventilating circuit in which the coolant boosted 
by said fan is cooled by some of said coolers and is allowed 
to flow to said stator iron core in [the] a direction from the 
outer peripheral side to the inner peripheral side of said 
stator iron core via some of said ventilating passages; 
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wherein at least one ventilating passage , [cominunicated 
to] communicating with a central portion [in the axial 
direction] of said stator iron core, of said plurality of 
ventilating passages^ constitutes part of said second 
ventilating circuit; and 

said coolers provided in said first ventilating circuit 
and said coolers in said second ventilating circuit are 
opposed to each other with a rotating shaft [put] disposed 
therebetween . 

10. (amended) A rotating electric machine according to 
any one of claims 1 to 7 and 9, wherein said stator iron core 
has a plurality of ventilating ducts which continuously extend 
in the radial direction and which are arranged in the axial 
direction; and wherein 

axial intervals of those[,] ventilating ducts positioned 
at said central portion [in the axial direction] of said 
stator iron core[, of said ventilating ducts] are smaller than 
axial intervals of those[^] ventilating ducts positioned at 
the other portion of said stator iron core [ , of said 
ventilating ducts] • 

11, (amended) A rotating electric machine according to 
any one of claims 3 to 7 and 9, wherein said stator iron core 
has a plurality of ventilating ducts which continuously extend 
in the radial direction and which are arranged in the axial 
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direction; and wherein 

axial intervals between those [,] ventilating constituting 
part of said second ventilating circuit [, of said ventilating 
ducts] are smaller than axial intervals between those [,] 
ventilating ducts constituting part of said second ventilating 
circuit[, of said ventilating ducts]. 

Claim 12, line 7, delete "in the axial direction". 
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IN THE ABSTRACT OF THE DISCLOSURE; 

Please replace the original abstract with the following 
new abstract : 
— ABSTRACT 

A rotating electric machine exhibits a substantially 
level axial temperature rise distribution by supplying a 
coolant which is sufficiently cooled to a central portion of 
an iron core which is most distant from each of the axial ends 
of the iron core. A plurality of ventilating passages, which 
continuously extend in the peripheral direction, are provided 
in the axial direction between a stator frame and a stator 
iron core, and coolers are provided in the ventilating 
passages. A coolant boosted by a booster is cooled by the 
coolers and is allowed to flow to a central portion of the 
stator iron core in the direction from the outer peripheral 
side to the inner peripheral side of the stator iron core via 
ventilating passages which communicate with the central 
portion of the stator iron core . — 
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REMARKS 



The specification has been amended to correct errors of a 
typographical and grammatical nature. Due to the excessive 
corrections thereto, applicants submit herewith a Substitute 
Specification, along with a marked-up copy of the original 
specification for the Examiner's convenience. Applicants 
submit that the substitute specification includes no new 
matter- Therefore, entry of the Substitute Specification is 
respectfully requested , 

The claims have also been amended to more clearly 
describe the features of the present invention, and the 
abstract has been replaced by a new abstract, while correcting 
errors of a grammatical nature. 

Entry of the preliminary amendments and examination of 
the application is respectfully requested. 

To the extent necessary, applicant's petition for an 
extension of time under 37 CFR 1.136. Please charge any 
shortage in the fees due in connection with the filing of this 
paper, including extension of time fees, to Deposit Account 
No- 01-2135 (501.38383X00) and please credit any excess fees 
to such deposit account. 



Respectfully submitted , 




Melvin Kr^aus 
Registration No. 22,466 

ANTONELLI, TERRY, STOUT & KRAUS , LLP 



MK/DRA/cee 
Attachments 
(703) 312-6600 
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SUBSTITUTE SPECIFICATION 

DESCRIPTION 

ROTATING ELECTRIC MACHINE AND COOLING METHOD THEREOF 
Technical Field 

The present invention relates to a rotating electric 
5 machine in which a cooler for cooling a coolant is provided , 

as well as to a method of cooling a rotating electric vehicle. 
Background of the Invention 

A rotating electric machine in which a cooler for cooling 
a coolant is provided has been described , for example , in 
10 Japanese Patent Laid-open Nos. Hei 1-\1110S and Hei 10-146022 . 
The rotating electric machine described in these documents is 
configured such that a space between a stator frame and a 
stator iron core is partitioned into a low temperature gas 
chamber, to which a coolant at a low temperature is supplied, 
15 and a high temperature gas chamber, in which the heated 

coolant flows. A plurality of coolers distributed in the 
axial direction are provided in a foundation pit under the 
rotating electric machine, whereby the coolant cooled by the 
plurality of coolers and boosted by a ventilating fan is 
2 0 introduced to various heat sources , such as the iron core and 
the coils , via the low temperature gas chamber , and the 
coolant which has been used for cooling the heat sources is 
returned to the coolers via the high temperature gas chamber. 
The above-described rotating electric machine , however , 
25 has a problem. Since the coolant which has passed through one 
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or two or more of the heat sources is then introduced to a 
central portion of the iron core, the temperature of the 
coolant is raised before the coolant reaches the central 
portion of the iron core. Accordingly, for the above- 
5 described rotating electric machine, if a thermal load 

generated from the heat sources, such as the iron core and 
coils, becomes large with an increase in the generation 
capacity or in the loss density, the cooling effect of the 
coolant introduced to the central portion of the iron core is 

10 significantly degraded. As a result, in the above-described 
rotating electric machine, there is a possibility that local 
heat generation will occur in a gap between the stator iron 
core and a rotor iron core, thereby to increase the thermal 
oscillation stroke of the rotor due to uneven thermal 

15 expansion of the rotor in the axial direction. 

To solve the above-described problem, there may be 
considered a method of increasing the amount of the coolant or 
optimizing the distribution of the amounts of the coolant 
components supplied to respective ventilating passages by 

2 0 adjusting the ventilating resistance; however, according to 

the former method, the ventilation loss of the coolant caused 
upon boosting the coolant by the fan becomes larger, to 
increase the total loss in the coolant; and, according to the 
latter method, since the ventilation resistance must be 

25 adjusted while the desired electric and mechanical 

characteristics are satisfied in a limited space, it is 
difficult to optimize the distribution of the coolant 
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components supplied to the respective ventilating passages. 
Summary of the Invention 

An ob j ect of the present invention is to provide a 
rotating electric machine which is capable of exhibiting a 
level axial temperature rise distribution, and a cooling 
method thereof . 

The basic feature of the present invention is to supply a 
coolant, which is sufficiently cooled, to a central portion of 
an iron core which is most distant from both axial ends of the 
iron core . To realize this feature of the present invention , 
a plurality of ventilating passages, which continuously extend 
in the peripheral direction, are provided in the axial 
direction between a stator frame and a stator iron core , and 
coolers are provided in at least those passages , which 
communicate with the central portion of the iron core , of the 
plurality of ventilating passages formed in the axial 
direction , wherein the coolant boosted by a booster is cooled 
by the coolers and is allowed to flow to the central portion 
of the iron core in the direction from the outer peripheral 
side to the inner peripheral side of the iron core via the 
ventilating passages . 

If an even number of ventilating passages are provided, 
two to four of the ventilating passages, which are located on 
the central side, constitute the ventilating passages which 
communicate with the central portion of the iron core. If an 
odd number of ventilating passages are provided , one to three 
of the ventilating , passages , which are located on the central 
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side, constitute the ventilating passages which coitimunicate 
with the central portion of the iron core. The number of the 
ventilating passages is dependent on the capacity of the 
rotating electric machine . For example, for a generator 
5 having a generation capacity of 100 MW class, at least three 
ventilating passages are provided, and for a generator having 
a generation capacity of 350 MW class or more, seven to ten or 
more ventilating passages are provided • 

According to the above feature of the present invention, 

10 it is possible to level the axial temperature rise 

distribution in the machine. In particular, the above feature 
is effective in a rotating electric machine in which the axial 
length is long and air is used as a coolant, for example, an 
air-cooled generator having a large capacity. Air which is 

15 larger in viscosity than hydrogen exhibits a high ventilating 
resistance when it flows in a generator, to thereby cause a 
temperature rise . The longer the ventilating distance of air , 
the larger the ventilating resistance will be. As a result, 
for a generator which is longer in axial length and larger in 

2 0 capacity, the temperature rise of the air becomes 

significantly larger, and the amount of the air supplied to 
the central portion of an iron core becomes smaller. 

Accordingly, a small amount of air whose temperature is 
raised is supplied to the central portion of the iron core 

2 5 which is most distant from both the axial ends of the iron 
core , with a result that there occurs a difference in 
temperature between each of the axial ends of the iron core 
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and the central portion of the iron core. According to the 
present invention, it is possible to supply a coolant which i 
sufficiently cooled to the central portion of the iron core, 
however, it is also possible to suppress the temperature rise 
5 of the central portion of the iron core to an allowable value 
or less, and, hence, to level the axial temperature rise 
distribution in the machine. 

The leveling of the axial temperature rise distribution 
in the machine means that the temperature rise of the central 

10 portion of the iron core is suppressed to an allowable value 
or less, to reduce the difference in temperature between each 
of the axial ends of the iron core and the central portion of 
the iron core. Accordingly, there is no variation in the 
axial temperature rise distribution in the machine- 

15 Brief Description of Drawings 

Fig. 1 is a perspective view, with parts partially 
cutaway, showing the external appearance and inner 
configuration of a turbine generator according to a first 
embodiment of the present invention; 

20 Fig. 2 is a plan view, as seen in the direction shown by 

an arrow II of Fig. 1, showing the external configuration of 
the turbine generator; 

Fig. 3 is a plan view, as seen in the direction shown by 
an arrow III of Fig. 2, showing the external configuration of 

2 5 the turbine generator; 

Fig. 4 is a sectional view taken on line IV-IV of Fig. 1 
showing the inner structure of a portion, positioned under a 



5 



w. 



5 



10 



15 



20 



rotating shaft, of the turbine generator; 

Fig, 5 is a perspective view showing the external 
configuration of a turbine generator according to a second 
embodiment of the present invention; 

Fig. 6 is a sectional view taken on line VI-VI of Fig. 5, 
showing the inner structure of a portion, positioned over a 
rotating shaft, of the turbine generator; 

Fig. 7 is a sectional view showing the inner structure of 
a portion, positioned over a rotating shaft, of a turbine 
generator according to a third embodiment; 

Fig. 8 is a sectional view showing the inner structure of 
a portion, positioned over a rotating shaft, of a turbine 
generator according to a fourth embodiment of the present 
invention; 

Fig. 9 is a sectional view showing the inner structure of 
a portion, positioned under a rotating shaft, of a turbine 
generator according to a fifth embodiment of the present 
invention; 

Fig. 10 is a front view showing the external 
configuration of a turbine generator according to a sixth 
embodiment of the present invention; 

Fig. 11 is a side view, as seen in the direction shown by 
an arrow XI of Fig, 10, showing the external configuration of 
the turbine generator; 

Fig. 12 is a sectional top view taken on line XII-XII of 
Fig. 11, showing the inner configuration of the turbine 
generator ; 
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Fig, 13 is a sectional view showing the inner 
configuration of a portion, positioned under a rotating shaft, 
of a turbine generator according to a seventh embodiment of 
the present invention; and 

Fig. 14 is a sectional view showing the inner 
configuration of a portion, positioned under a rotating shaft, 
of a turbine generator according to an eighth embodiment of 
the present invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, various embodiments of the present invention 
will be described with reference to the drawings. 
(First Embod iment ) 

Figs. 1 to 4 show the configuration of a turbine 
generator according to a first embodiment of the present 
invention. The turbine generator in this embodiment is of an 
enclosed type (or a full-closed type) in which the inside of 
the generator is cooled with a coolant enclosed in the 
generator. In these figures, reference numeral 1 designates a 
stator frame. A cylindrical stator iron core 2 is provided 
inside the stator frame 1. A plurality of slots 3, which 
continuously extend in the axial direction, are formed in an 
inner peripheral portion of the stator iron core 2 in such a 
manner as to extend in the peripheral direction. Stator coils 
4 are enclosed in the slots 3. A plurality of ventilating 
ducts 5, which continuously extending the radial direction, 
are formed in the stator iron core 2 in such a manner as to be 
spaced from each other at equal intervals in the axial 
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direction . 

A rotor iron core 7 is provided on the inner peripheral 
side of the stator iron core 2 and is disposed with an air gap 
6 between the rotor iron core 7 and the stator iron core 2 . A 
plurality of slots (not shown) , which continuously extend in 
the axial direction, are formed in an outer peripheral portion 
of the rotor iron core 7 in such a manner as to extend in the 
peripheral direction . Rotor coils (not shown) are enclosed in 
the slots of the rotor iron core 7 . Cylindrical retaining 
rings 8 for pressing both ends of the rotor coils are provided 
at both ends of the rotor iron core 7. A rotating shaft 9 is 
provided integrally with the rotor iron core 7 in such a 
manner as to extend in the axial direction along the central 
axis of the rotor iron core 7. 

Annular end brackets 10 functioning as block members are 
provided at both axial ends of the stator frame 1. A bearing 
apparatus 11 for rotatably supporting the rotating shaft 9 is 
provided on the inner peripheral side of each end bracket 10. 
A current collector 12 for supplying power to the rotor coils 
during rotation is provided at one end (outside the bearing 
apparatus 11) of the rotating shaft 9. The current collector 
12 is configured to electrically connect the stator side to 
the rotor side by bringing carbon brushes into press-contact 
with a current-collecting ring provided at the one end 
(outside the bearing apparatus 11) of the rotating shaft 9. A 
connecting portion connected to a turbine, serving as a 
driving source for rotating the generator , is formed at the 
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other end (outside the bearing apparatus 11) of the rotating 
shaft 9 . 

Fans 13 for boosting a coolant enclosed in the generator 
and circulating it in the generator are provided at both ends 
(inside the bearing apparatuses 11) of the rotating shaft 9. 
While the fans 13 are used as boosters for boosting the 
coolant in this embodiment, other types of boosters may be 
used. The fans 13 provided at both ends (outside the bearing 
apparatuses 11) of the rotating shaft 9 are right-left 
symmetrical with respect to a center line 14 . The center line 
14 is a bisector which crosses the rotating shaft 9 at right 
angles at such a position as to equally divide the distance 
between the end brackets 10 into right-left symmetric parts. 

Terminals 15 for three-phases of voltage are provided on 
the upper surface of the stator frame 1 in such a manner as to 
project upwardly therefrom. The terminals 15 are used for 
taking generated power out of the stator coils 4, which are 
electrically connected to the terminals 15 . Hoisting 
accessories 16 are provided on the front surface of the stator 
frame 1 at two positions and on the back surface thereof at 
two positions. For example, when installed in a foundation 
pit 17, the generator main body is hoisted by a crane via 
wires fastened to the hoisting accessories 16, 

Ventilating passages 18a to 18g, which continuously 
extend in the peripheral direction, are provided between the 
stator frame 1 and the stator iron core 2 in parallel to each 
other in the axial direction. The ventilating passages 18a to 
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18g are formed by a plurality of annular partition plates 19 
for partitioning the space between the stator frame 1 and the 
stator iron core 2 in the axial direction, the inner surface 
of the stator frame 1, and the outer peripheral surface of the 
stator iron core 2, and they communicate with the ventilating 
ducts 5 in the stator iron core 2. The ventilating passages 
18a to 18g are right-left symmetrical with respect to the 
center line 14 . 

Ventilating ducts 22a to 22c, extending in the axial 
direction, are provided on the back surface of the stator 
frame 1 in parallel with each other in a direction 
perpendicular to the axial direction. The ventilating ducts 
22a and 22c form ventilating passages 20 continuously 
extending in the axial direction. The ventilating passages 20 
communicate with the ventilating passages 18b, 18d, and 18f. 
The ventilating duct 22b forms a ventilating passage 21 
continuously extending in the axial direction. The 
ventilating passage 21 communicates with the ventilating 
passages 18a, 18c, 18e, and 18g. 

Ventilating passages 2 3 to 26, which continuously extend 
in the radial direction, are provided between the stator iron 
core 2 and the end brackets 10. The ventilating passages 2 3 
to 2 6 are formed by partitioning a space between the stator 
iron core 2 and the end bracket 10 annular partitioning plates 
27 facing the outer peripheral side of the fan 13. The 
ventilating passages 23 and 24, each of which provides 
communication between the discharge side of the fan 13 and the 
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ventilating passage 20, are right-left symmetrical with 
respect to the center line 14. The ventilating passages 25 
and 26, each of which provides communication between the 
suction side of the fan 13 and the ventilating passage 21, are 
right-left symmetrical with respect to the center line 14. 

Each of the ventilating passages 18a to 18g is provided 
with a cooler for cooling a coolant enclosed in the generator. 
The coolers 2 8a to 2 8g are arranged under the genera tor in 
such a manner as to be aligned in a row in the axial 
direction. It should be noted that the coolers 28a to 28g 
also may be arranged on the upper portion of the generator. 
The coolers 28a to 28g are disposed so as to be right-left 
symmetrical with respect to the center line 14. A pipe line 
29 for supplying cooling water and a pipe line 30 for 
discharging cooling water are connected to each of the coolers 
28a to 28g, The coolers 28a to 28g are identical to each 
other in cooling capacity, but are different from each other 
in external size depending on the size of the ventilating 
passage 18 on which the cooler is provided. In this 
embodiment, since the axial width of each of the ventilating 
passages 18b and 18 f is smaller than that of each of the 
remaining ventilating passages, the axial width of each of the 
coolers 28b and 28f is made smaller than that of each of the 
remaining coolers . 

A plurality of ventilating circuits configured by the 
above-described ventilating passages, etc. are formed in the 
generator. A first ventilating circuit 29, a second 
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ventilating circuit 30, and a third ventilating circuit 31 are 
formed on one side (left side in Fig, 4) the center line 14, 
and similarly three ventilating circuits are formed on the 
other side (right side in Fig. 4) relative to the center line 
14. The three ventilating circuits formed on the one side 
from the center line 14 are right-left symmetrical relative to 
the three ventilating circuits formed on the other side from 
the center line 14. Further, the flow of a coolant and the 
temperature rise characteristic on the one side from the 
center line 14 are right-left symmetrical relative to those on 
the other side from the center line 14. Therefore, the 
configuration of the ventilating circuits and the flow of a 
coolant on only one side of the center line 14 will be 
described below . 

The first ventilating circuit 29 is a closed loop 
designated by a solid arrow in Fig- 4, which extends from the 
discharge side of the fan 13 to the ventilating duct 5 via the 
air gap 6, further extends from the ventilating duct 5 to the 
cooler 28a via the ventilating passage 18a, and then extends 
from the cooler 28a to the suction side of the fan 13 via the 
ventilating passages 21 and 25. In the first ventilating 
circuit 29, heat sources giving heat to the ventilating 
passages 18a, air gap 6 and ventilating duct 5 are connected 
in series to the cooler 28a. The heat source giving heat to 
the air gap 6 and the ventilating passage 18a is the stator 
iron core 2 generating iron loss, and the heat sources giving 
heat to the ventilating duct 5 are the stator iron core 2 
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generating iron loss and the stator coils 4 generating copper 
loss . 

The second ventilating circuit 30 is a closed loop 
designated by a dotted arrow in Fig. 4, which extends from the 
discharge side of the fan 13 to the cooler 28b via the 
ventilating passage 23, further extends from the cooler 28b to 
the cooler 28c via the ventilating passage 18b, ventilating 
duct 5, air gap 6, ventilating duct 5, and then ventilating 
passage 18c, and extends from the cooler 28c to the suction 
side of the fan 13 via the ventilating passages 21 and 25. In 
the second ventilating circuit 30, heat sources and the 
coolers are alternately arranged in series, and, more 
specifically, the heat sources giving heat to the ventilating 
passage 23 , the cooler 28b, the heat sources giving heat to 
the ventilating passages 18b and 18c, air gap 6 and 
ventilating duct 5, and the cooler 28c are arranged in this 
order. The heat source giving heat to the air gap 6 and 
ventilating passages 18b and 18c is the stator iron core 2 
generating iron loss, and the heat sources giving heat to the 
ventilating duct 5 and the ventilating passage 23 are the 
stator iron core 2 generating iron loss and the stator coils 4 
generating copper loss. 

The third ventilating circuit 3 1 is a closed loop 
designated by a dotted arrow in Fig* 4, which extends from the 
discharge side of the fan 13 to the cooler 28d via the 
ventilating passage 23, further extends from the cooler 28d to 
the cooler 28c via the ventilating passage 18d, ventilating 
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duct 5, air gap 6, ventilating duct 5, and ventilating passage 
18c, and then extends from the cooler 28c to the suction side 
of the fan 13 via the ventilating passages 21 and 25. In the 
second ventilating circuit 30, heat sources and the coolers 
are alternately arranged in series, and more specifically, the 
heat sources giving heat to the ventilating passage 23, the 
cooler 28d, the heat sources giving heat to the ventilating 
passages 18d and 18c, air gap 6, and ventilating duct 5, and 
the cooler 28c are arranged in series in this order. The heat 
source giving heat to the air gap 6 and the ventilating 
passages 18d and 18c is the stator iron core 2 generating iron 
loss, and the heat sources giving heat to the ventilating duct 
5 and the ventilating passage 23 are the stator iron core 2 
generating iron loss and the stator coils 4 generating copper 
loss , 

-The flow of the coolant will be described below. The 
coolant enclosed in the generator, which is boosted by 
rotation of the rotating shaft 9 , flows from the discharge 
side of the fan 13 to each ventilating circuit. In the 
ventilating circuit 29, the coolant boosted by the fan 13 
flows axially in the air gap 6 to the ventilating duct 5 
communicating with the ventilating passage 18a. The coolant 
which has reached the ventilating duct 5 communicating with 
the ventilating duct 18a flows in the ventilating duct 5 from 
the inner peripheral side to the outer peripheral side of the 
stator iron core 2, that is, to the ventilating passage 18a 
while cooling the inside of the stator iron core 2 and the 
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stator coils 4. The coolant which has reached the ventilating 
passage 18a cools the outer peripheral side of the stator iron 
cere 2 and flows in the ventilating passage 18a to the cooler 
28a- The coolant which has reached the cooler 28a is cooled 
by the cooler 2 8a and flows from the cooler 2 8a to the suction 
side of the fan 13 via the ventilating passages 21 and 25. 

In the second ventilating circuit 30, the coolant boosted 
by the fan 13 flows radially in the ventilating passage 23 to 
the ventilating passage 20 while cooling the end portion of 
the stator iron core 2 and the coil end portions of the stator 
coils 4. The coolant which has reached the ventilating 
passage 20 flows axially in the ventilating passage 20 to the 
cooler 28b. The coolant which has reached the cooler 28b is 
cooled by the cooler 28b and flows in the ventilating passage 
18b in the peripheral direction while cooling the outer 
peripheral portion of the stator iron core 2 and reaches the 
ventilating duct 5 communicating with the ventilating passage 
18b. The coolant which has reached the ventilating duct 5 
communicating with the ventilating passage 18b flows in the 
ventilating duct 5 from the outer peripheral side to the inner 
peripheral side of the stator iron core 2, that is, to the air 
gap 6 while cooling the inside of the stator iron core 2 and 
the stator coils 4, 

The coolant which has reached the air gap 6 flows axially 
in the air gap 6 to the ventilating duct 5 communicating with 
the ventilating passage 18c while cooling the inner peripheral 
side of the stator iron core 2. The coolant which has reached 
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the ventilating duct 5 communicating with the ventilating 
passage 18c flows in the ventilating duct 5 from the inner 
peripheral side to the outer peripheral side of the stator 
iron core 2, that is, to the ventilating passage 18c while 
cooling the inside of the stator iron core 2 and the stator 
coils 4 • The coolant which has reached the ventilating 
passage 18c cools the outer peripheral side of the stator iron 
core 2 and flows in the ventilating passage 18c to the cooler 
28c, The coolant which has reached the cooler 28c is cooled 
by the cooler 28c, and flows from the cooler 28c to the 
suction side of the fan 13 via the ventilating passages 21 and 
25 , 

In the third ventilating circuit 31, the coolant boosted 
by the fan 13 flows radially in the ventilating passage 23 to 
the ventilating passage 20 while cooling the end portion of 
the stator iron core 2 and the coil end portions of the stator 
coils 4. The coolant which has reached the ventilating 
passage 20 flows axially in the ventilating passage 20 to the 
cooler 28d. The coolant which has reached the cooler 28d is 
cooled by the cooler 28d and flows in the ventilating passage 
18d in the peripheral direction while cooling the outer 
peripheral side of the stator iron core 2 and reaches the 
ventilating duct 5 communicating with the ventilating passage 
18d. The coolant which has reached the ventilating duct 5 
communicating with the ventilating passage 18d flows in the 
ventilating duct 5 from the outer peripheral side to the inner 
peripheral side of the stator iron core 2, that is, to the air 
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gap 6 while cooling the inside of the stator iron core 2 and 
the stator coils 4. 

The coolant which has reached the air gap 6 flows axially 
in the air gap to the ventilating duct 5 communicating with 
the ventilating passage 18c while cooling the inner peripheral 
side of the stator iron core 2 . The coolant which has reached 
the ventilating duct 5 communicating with the ventilating 
passage 18c flows in the ventilating duct 5 from the inner 
peripheral side to the outer peripheral side of the stator 
iron core 2, that is, to the ventilating passage 18c while 
cooling the inside of the stator iron core 2 and the stator 
coils 4 . The coolant which has reached the ventilating 
passage 18c cools the outer peripheral side of the stator iron 
core 2 and flows in the ventilating passage 18c to the cooler 
28c. The coolant which has reached the cooler 28c is cooled 
by the cooler 28c, and flows from the cooler 28c to the 
suction side of the fan 13 via the ventilating passages 21 and 
25. 

According to the embodiment configured as described 
above, the coolant boosted by the fan 13 is introduced to the 
ventilating passage 18d positioned at the central portion of 
the stator iron core 2, being cooled by the cooler 28d, and is 
allowed to flow from the outer peripheral side to the inner 
peripheral side of the stator iron core 2 , so that the coolant 
sufficiently cooled by the cooler can be supplied to the 
central portion of the stator iron core 2. 

Accordingly , the central portion of the stator iron core 



17 



r 



5 



10 



15 



20 



!VJ^ ait . 



2 at which the temperature of the supplied coolant tends to 
become highest and the amount of the supplied coolant tends to 
become smallest can be cooled by the coolant, which is 
sufficiently cooled by the cooler, and thereby local heat 
generation in the air gap 6 can be suppressed. This makes it 
possible to level the axial temperature rise distribution in 
the generator and hence to suppress the thermal oscillation 
stroke of the rotor - 
(Second Embodiment) 

Figs, 5 and 6 show a configuration of a turbine generator 
according to a second embodiment. The turbine generator in 
this embodiment is of an enclosed type (or a full-closed type) 
like the turbine generator in the first embodiment, but is 
shorter in axial length (or smaller in generation capacity) 
than the turbine generator in the first embodiment- Further, 
the turbine generator in this embodiment is conf igured such 
that the coolers 28 and the ventilating passages 2 0 and 21 
provided in the lower portion of the generator in the first 
embodiment are provided in an upper portion of the generator. 

Ventilating passages 18a to 18d, which continuously 
extend in the peripheral direction , are provided between a 
stator frame 1 and a stator iron core 2 in parallel with each 
other in the axial direction. The ventilating passages 18b 
and 18c are in communication with a ventilating passage 20, 
and the ventilating passages 18a and 18d are in communication 
with a ventilating passage 21, Coolers 28a and 28d are 
provided in the ventilating passage 21 in such a manner as to 
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be right-left symmetrical with respect to a center line 14, 
and coolers 28b and 28c are provided in the ventilating 
passage 20 in such a manner as to be right-left symmetrical 
with respect to the center line 14 . The coolers 28a to 28d 
are aligned in a row in the axial direction . 

The coolers 28b and 28c are smaller in size, that is, 
have a smaller cooling capacity than the coolers 28a and 28d. 
One reason for this is that the coolers 28b and 28c are used 
for cooling part of a coolant which has been cooled by the 
coolers 28a and 28d, and therefore, it is sufficient for the 
coolers 28b and 28c to be smaller in cooling capacity than the 
coolers 28a and 28d- This is advantageous in terms of cooling - 
efficiency - Another reason is that, since the ventilating 
passage 20 in which the coolers 28b and 28c are provided is 
smaller than the ventilating passage 21 in which the coolers 
28a and 28d are provided, the sizes of the coolers 28b and 28c 
must be made smaller those of the coolers 28a and 28d. It 
should be noted that the coolers 28a to 28d may be arranged in 
the lower portion of the generator • 

The other features of this embodiment are the same as 
those of the first embodiment, and therefore , a description 
thereof is omitted. In addition, since the ventilating 
passages and coolers are respectively right-left symmetrical 
with respect to the center line 14, and also the flow of a 
coolant and the temperature rise characteristic are 
respectively right-left symmetrical with respect to the center 
line 14 , the configuration on only one side of the center line 
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14 will be described below. 

The flow of a coolant will be described. When a fan 13 
is rotated along with rotation of a rotating shaft 9, a 
coolant enclosed in the generator is boosted and is allowed to 
flow in respective ventilating passages. The coolant 
discharged on the discharge side of the fan 13 is branched 
into one component on a ventilating passage 23 side and 
another component on an air gap 6 side. The coolant component 
branched on the air gap 6 side flows in an air gap 6 to a 
ventilating duct 5 communicating with the ventilating passage 
18a while cooling the inner peripheral side of the stator iron 
core 2 . 

The coolant component which has reached the ventilating 
duct 5 communicating with the ventilating passage 18a flows in 
the ventilating duct 5 from the inner peripheral side to the 
outer peripheral side of the stator iron core 2, that is, to 
the ventilating passage 18a while cooling the inside of the 
stator iron core 2 and stator coils 4. The coolant component 
which has reached the ventilating passage 18a cools the outer 
peripheral side of the stator iron core 2 and flows from the 
ventilating passage 18a to the cooler 28a via the ventilating 
passage 21. The coolant component which has reached the 
cooler 28a is cooled by the cooler 28a and flows from the 
cooler 2 8a to the suction side of the fan 13 via the 
ventilating passage 25 . 

The coolant component branched on the ventilating passage 
23 side flows radially in a ventilating passage 23 to 
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the ventilating passage 20 while cooling the end portion of 
the stator iron core 2 and the coil end portions of the stator 
ceils 4- The coolant component which has reached the 
ventilating passage 20 flows axially in the ventilating 
passage 2 0 to the cooler 2 8b. The coolant component which has 
reached the cooler 28b is cooled by the cooler 28b, and flows 
from the cooler 28b to the ventilating passage 18b. The 
coolant component which has reached the ventilating passage 
18b cools the outer peripheral side of the stator iron core 2, 
and flows in the ventilating passage 18b to the ventilating 
duct 5 communicating with the ventilating passage 18b. 

The coolant component which has reached the ventilating 
duct 5 communicating with the ventilating passage 18b flows in 
the ventilating duct 5 from the outer peripheral side to the 
inner peripheral side of the stator iron core 2, that is, to 
the air gap 6 while cooling the inside of the stator iron core 
2 and the stator coils 4. The coolant component which has 
reached the air gap 6 flows axially in the air gap 6 to the 
ventilating duct 5 communicating with the ventilating passage 
18a while cooling the inner peripheral side of the stator iron 
core 2. The coolant component which has reached the 
ventilating duct 5 communicating with the ventilating passage 
18a flows in the ventilating ducts 5 together with the 
above-described coolant component which has been branched 
from the discharge side of the fan 13 onto the air gap 6 side. 

According to this embodiment, part of the coolant cooled 
by the cooler 28a (or 28d) and boosted by the fan 13 is 
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branched; and, the coolant component thus branched is cooled 
by the cooler 28b (or 28c) , being introduced to the 
ventilating passage 18b (or 18c) positioned at the central 
portion of the stator iron core 2, and is allowed to flow from 
5 the outer peripheral side to the inner peripheral side of the 
stator iron core 2. Accordingly, it is possible to supply the 
coolant sufficiently cooled by the cooler, to the central 
portion in the axial direction of the stator iron core 2. 

As a result, according to this embodiment, the central 

10 portion of the stator iron core 2 at which the temperature of 
the supplied coolant tends to become highest and the amount of 
the supplied coolant tends to become smallest can be cooled by 
the coolant, which is sufficiently cooled by the cooler, so 
that it is possible to suppress local heat generation in the 

15 air gap 6, and hence to level the axial temperature rise 
distribution in the generator . 
(Third Embodiment) 

Fig. 7 shows a configuration of a turbine generator 
according to a third embodiment. This embodiment is a 

2 0 variation of the second embodiment, characterized in that the 
axial length of the turbine generator in this embodiment is 
longer than that of the turbine generator in the second 
embodiment- Ventilating passages 18a to 18e, which 
continuously extend in the peripheral direction, are provided 

25 between a stator frame 1 and a stator iron core 2 in parallel 
to each other in the axial direction. The ventilating 
passages 18a, 18b, 18d and 18e are in communication with a 
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ventilating passage 21, and the ventilating passage 18c is in 
communication with a ventilating passage 20. Coolers 28a and 
28c are provided in the ventilating passage 21 in such a 
manner as to be right-left symmetrical with respect to a 
5 center line 14 , and a cooler 28b is provided in the 
ventilating passage 20 at a communicating portion 
communicating with the ventilating passage 18c - The cooler 
2 8b is smaller in size or cooling capacity than each of the 
coolers 28a and 28c- 

10 The other features of this embodiment are the same as 

those of the second embodiment, and, therefore, a description 
thereof is omitted. In addition, since the ventilating 
passages and coolers are respectively right- left symmetrical 
with respect to the center line 14 , and also the flow of 

15 coolant and the temperature rise characteristic are 

respectively right-left symmetrical with respect to the center 
line 14, the configuration on only one side of the center line 
14 will be described below. 

The flow of a coolant will be described. When a fan 13 

2 0 is rotated along with rotation of a rotating shaft 9, a 

coolant enclosed in the generator is boosted and is allowed to 
flow in respective ventilating passages. The coolant 
discharged on the discharge side of the fan 13 is branched 
into one component on a ventilating passage 2 3 side and 

2 5 another component on an air gap 6 side. The coolant component 
branched on the air gap 6 side flows in an air gap 6 to 
ventilating ducts 5 communicating with the ventilating 
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passages 18a and 18b while cooling the inner peripheral side 
of the stator iron core 2 . 

The coolant component which has reached the ventilating 
ducts 5 communicating with the ventilating passages 18a and 
5 18b flows in the ventilating ducts 5 from the inner peripheral 
side to the outer peripheral side of the stator iron core 2, 
that is, to the ventilating passages 18a and 18b, while 
cooling the inside of the stator iron core 2 and stator coils 
4. The coolant component which has reached the ventilating 

10 passages 18a and 18b cools the outer peripheral side of the 

stator iron core 2 and flows from the ventilating passages 18a 
and 18b to the cooler 28a via the ventilating passage 21. The 
coolant component which has reached the cooler 2 8a is cooled 
by the cooler 28a and flows from the cooler 28a to the suction 

15 side of the fan 13 via a ventilating passage 25. 

The coolant component branched on the ventilating passage 
2 3 side flows radially in a ventilating passage 2 3 to the 
ventilating passage 20, while cooling the end portion of the 
stator iron core 2 and the coil end portions of the stator 

20 coils 4. The coolant component which has reached the 

ventilating passage 20 flows axially in the ventilating 
passage 2 0 to the cooler 2 8b. The coolant component which has 
reached the cooler 2 8b is cooled by the cooler 2 8b, and flows 
from the cooler 28b to the ventilating passage 18c. The 

2 5 coolant component which has reached the ventilating passage 

18c cools the outer peripheral side of the stator iron core 2 
and flows in the ventilating passage 18c to the ventilating 
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duct 5 communicating with the ventilating passage 18c. 

The coolant component which has reached the ventilating 
duct 5 communicating with ventilating passage 18c flows in the 
ventilating duct 5 from the outer peripheral side to the inner 
5 peripheral side of the stator iron core 2, that is, to the air 
gap 6, while cooling the inside of the stator iron core 2 and 
the stator coils 4. The coolant component which has reached 
the air gap 6 flows axially in the air gap 6 to the 
ventilating ducts 5 communicating with the ventilating 

10 passages 18a and 18b, while cooling the inner peripheral side 
of the stator iron core 2 . The coolant component which has 
reached the ventilating ducts 5 communicating with the 
ventilating passages 18a and 18b flows in the ventilating 
ducts 5 together with the above-described coolant component 

15 which has been branched from the discharge side of the fan 13 
onto the air gap 6 side • 

According to this embodiment , part of the coolant cooled 
by the cooler 28a (or 28c) and boosted by the fan 13 is 
branched ; and , the coolant component thus branched is cooled 

2 0 by the cooler 28c, being introduced to the ventilating passage 
18c positioned at the central portion of the stator iron core 
2, and is allowed to flow from the outer peripheral side to 
the inner peripheral side of the stator iron core 2 . 
Accordingly , it is possible to supply the coolant , which is 

25 sufficiently cooled by the cooler, to the central portion of 
the stator iron core 2 , 

As a result , according to this embodiment , the central 
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portion of the stator iron core 2, at which the temperature of 
the supplied coolant tends to become highest and the amount of 
the supplied coolant tends to become smallest, can be cooled 
by the coolant, which is sufficiently cooled by the cooler, so 
5 that it is possible to suppress local heat generation in the 
air gap 6, and hence to level the axial temperature rise 
distribution in the generator. 
( Fourth Embodiment ) 

Fig. 8 shows a configuration of a turbine generator 

10 according to a fourth embodiment. This embodiment is a 

combination of the second and third embodiments, characterized 
in that the axial length of the turbine generator in this 
embodiment is longer than that of the turbine generator in the 
third embodiment. Ventilating passages 18a to 18g, which 

15 continuously extend in the peripheral direction, are provided 
between a stator frame 1 and a stator iron core 2 in parallel 
to each other in the axial direction. The ventilating 
passages 18a, 18c, 18e and 18g are in communication with a 
ventilating passage 21, and the ventilating passage 18d is in 

2 0 communication with a ventilating passage 2 0. A ventilating 
passage 31 for connecting a ventilating passage 2 3 to the 
ventilating passage 18b and a ventilating passage 32 for 
connecting a ventilating passage 24 to the ventilating passage 
18f are provided between the stator frame 1 and the stator 

2 5 iron core 2 in such a manner as to be right-left symmetrical 
with respect to a center line 14. 

Coolers 28a and 28e are provided in the ventilating 



26 



passage 21 in such a manner as to be right-left symmetrical 
with respect to the center line 14, A cooler 28c is with 
provided in the ventilating passage 2 0 at a portion 
communicating with the ventilating passage 18d. The cooler 
5 28c is smaller in size or cooling capacity than each of the 

coolers 28a and 28e. Coolers 28b and 28d are provided in the 
ventilating passage 31 in such a manner as to be right-left 
symmetrical with respect to the center line 14. The coolers 
28b and 28d are each smaller in size or cooling capacity than 

10 each of the coolers 28a and 28e, 

The other features of this embodiment are the same as 
those of each of the second and third embodiments, and, 
therefore, a description thereof is omitted. In addition, 
since the ventilating passages and coolers are respectively 

15 right-left symmetrical with respect to the center line 14, and 
also the flow of a coolant and the temperature rise 
characteristic are respectively right-left symmetrical with 
respect to the center line 14, the configuration on only one 
side of the center line 14 will be described below. 

2 0 The flow of a coolant will be described. When a fan 13 

is rotated along with rotation of a rotating shaft 9, a 
coolant enclosed in the generator is boosted and is allowed to 
flow in respective ventilating passages. The coolant 
discharged on the discharge side of the fan 13 is branched 

25 into one component on a ventilating passage 23 side and 

another component on an air gap 6 side. The coolant component 
branched on the air gap 6 side flows in an air gap 6 to 
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ventilating ducts 5 communicating with the ventilating 
passages 18a and 18c while cooling the inner peripheral side 
of the stator iron core 2 . 

The coolant component which has reached the ventilating 
5 ducts 5 communicating with the ventilating passages 18a and 

18c flows in the ventilating ducts 5 from the inner peripheral 
side to the outer peripheral side of the stator iron core 2, 
that is, to the ventilating passages 18a and 18c, while 
cooling the inside of the stator iron core 2 and stator coils 

10 4. The coolant component which has reached the ventilating 
passages 18a and 18c cools the outer peripheral side of the 
stator iron core 2 and flows from the ventilating passages 18a 
and 18c to the cooler 28a via the ventilating passage 21. The 
coolant component which has reached the cooler 28a is cooled 

15 by the cooler 28a and flows from the cooler 28a to the suction 
side of the fan 13 via a ventilating passage 25. 

The coolant component branched onto the ventilating 
passage 23 side flows radially in the ventilating passage 23 
to the ventilating passages 20 and 31, while cooling the end 

2 0 portion of the stator iron core 2 and the coil end portions of 
the stator coils 4. The coolant component which has reached 
the ventilating passage 20 flows axially in the ventilating 
passage 20 to the cooler 28c. The coolant component which has 
reached the cooler 28c is cooled by the cooler 28c and flows 

25 from the cooler 28c to the ventilating passage 18d. The 

coolant component which has reached the ventilating passage 
18d cools the outer peripheral side of the stator iron core 2 
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and flows in the ventilating passage 18d to the ventilating 
duct 5 communicating with the ventilating passage 18d. 

The coolant component which has reached the ventilating 
duct 5 communicating with the ventilating passage 18d flows in 
5 the ventilating duct 5 from the outer peripheral side to the 
inner peripheral side of the stator iron core 2, that is, to 
the air gap 6, while cooling the inside of the stator iron 
core 2 and the stator coils 4. The coolant component which 
has reached the air gap 6 flows axially in the air gap 6 to 

10 the ventilating ducts 5 communicating with the ventilating 

passages 18a and 18c while cooling the inner peripheral side 
of the stator iron core 2 . The coolant component which has 
reached the ventilating ducts 5 communicating with the 
ventilating passages 18a and 18c flows in the ventilating 

15 ducts 5 together with the above-described coolant component 

which has been branched from the discharge side of the fan 13 
onto the air gap 6 side. 

The coolant component which has reached the ventilating 
passage 31 flows axially in the ventilating passage 31 to the 

2 0 cooler 28b. The coolant component which has reached the 
cooler 28b is cooled by the cooler 28b and flows from the 
cooler 28b to the ventilating passage 18b. The coolant 
component which has reached the ventilating passage 18b cools 
the outer peripheral side of the stator iron core 2 and flows 

2 5 in the ventilating passage 18b to the ventilating duct 5 
communicating with the ventilating passage 18b. 

The coolant component which has reached the ventilating 
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duct 5 communicating with the ventilating passage 18b flows in 
the ventilating duct 5 from the outer peripheral side to the 
inner peripheral side of the stator iron core 2, that is, to 
the air gap 6, while cooling the inside of the stator iron 
5 core 2 and the stator coils 4, The coolant component which 
has reached the air gap 6 flows axially in the air gap 6 to 
the ventilating ducts 5 communicating with the ventilating 
passages 18a and 18c, while cooling the inner peripheral side 
of the stator iron core 2 . The coolant component which has 

10 reached the ventilating ducts 5 communicating with the 

ventilating passages 18a and 18c flows in the ventilating 
ducts 5 together with the above-described coolant component 
which has been branched from the discharge side of the fan 13 
onto the air gap 6 side • 

15 According to this embodiment, part of the coolant cooled 

by the cooler 28a (or 28e) and boosted by the fan 13 is 
branched; and, the coolant component thus branched is cooled 
by the cooler 28c, being introduced to the ventilating passage 
18d positioned at the central portion of the stator iron core 

2 0 2, and is allowed to flow from the outer peripheral side to 
the inner peripheral side of the stator iron core 2 . 
Accordingly, it is possible to supply the coolant, which is 
sufficiently cooled by the cooler , to the central portion of 
the stator iron core 2 • 

2 5 As a result , according to this embodiment , the central 

portion of the stator iron core 2, at which the temperature of 
the supplied coolant tends to become highest and the amount of 
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the supplied coolant tends to become smallest, can be cooled 
by the coolant, which is sufficiently cooled by the cooler, so 
that it is possible to suppress local heat generation in the 
air gap 6, and hence to level the axial temperature rise 
5 distribution in the generator. 
(Fifth Embodiment) 

Fig, 9 shows a configuration of a turbine generator 
according to a fifth embodiment. This embodiment is an 
improvement over the first embodiment, which is effective in 

10 the case where the axial length of a stator iron core 2 
becomes longer. In this embodiment, the axial interval 
between two adjacent ventilating ducts 5 provided in the 
stator iron core 2 is set at a large value in a first 
ventilating circuit 29 and is set at a small , value in each of 

15 second and third ventilating circuits 3 0 and 31, which are 

larger in ventilating distance and thermal load than the first 
ventilating circuit 29. The remainder of the configuration is 
the same as that of the first embodiment, and therefore, a 
description thereof is omitted. 

2 0 According to this embodiment, since the axial interval 

between two adjacent ventilating ducts 5 differs among the 
ventilating circuits 29, 30 and 31, it is possible to reduce 
the amount of coolant flowing in the first ventilating circuit 
29, which is close to the fan 13, and thereby shorten the 

2 5 ventilating distance and increase the amount of coolant 

flowing in each of the second and third ventilating circuits 
3 0 and 31, which are more distant from a fan 13 and thereby 



31 



'ij'i! Ji^^ 4i'"iLir"i3 "'T c;i' iri; ""zr^ "zi" \V" 



longer in ventilating distance , and hence to improve the 
effect of cooling the central portion of the stator iron core 
2 and its neighborhood. 

Further, in this embodiment, since the axial interval 
5 between two adjacent ventilating ducts 5 differs among the 

ventilating circuits, it is possible to increase the cooling 
area of the central portion of the stator iron core 2 and its 
neighborhood by reducing the exposed area of the stator iron 
core 2 and stator coils 4 in the first ventilating circuit 29, 

10 which has a small thermal load, and by increasing the exposed 
area of the stator iron core 2 and the stator coils 4 in each 
of the second and third ventilating circuits 2 0 and 3 1 , which 
have a large ventilating distance and thermal load , and hence 
to further improve the effect of cooling the central portion 

15 of the stator iron core 2 and its neighborhood . 

It should be noted that this embodiment has been 
described as an improvement over the first embodiment however, 
the configuration of this embodiment may be applied to the 
other embodiments as well. 

2 0 ( S ixth Embodiment ) 

Figs. 10 to 12 show a configuration of a turbine 
generator according to a sixth embodiment- This embodiment is 
a variation of the first embodiment, in which the coolers 2 8 
and the ventilating passages 2 0 and 21 provided in the lower 

2 5 portion of the generator in the first embodiment are provided 
in both a front portion (front surface side) and a rear 
portion (back surface side) of the generator. The coolers 



32 



placed in the vertical direction are aligned in a row in the 
axial direction on the front and back surfaces of the 
generator in such a manner as to project therefrom . 

A cooler 28a provided in a ventilating passage 18a, a 
5 cooler 2 8c provided in a ventilating passage 18c , a cooler 2 8e 
provided in a ventilating passage 18e, and a cooler 28g 
provided in a ventilating passage 18g are arranged on the 
front portion of the generator in such a manner as to be 
right-left symmetrical with respect to a center line 14. A 

10 ventilating passage 21 communicating with the ventilating 
passages 18a , 18c , 18e , and 18g is provided in the front 
portion of the generator, 

A cooler 28b provided in a ventilating passage 18b, a 
cooler 28d provided in a ventilating passage 18d, and a cooler 

15 28f provided in a ventilating passage 18f are arranged on the 
rear portion of the generator in such a manner as to be 
right-left symmetrical with respect to the center line 14. A 
ventilating passage 2 0 communicating with the ventilating 
passages 18b, 18d, and 18e is provided in the front portion of 

2 0 the generator. The remainder of the configuration is the same 
as that of the f irst embodiment , and therefore , a description 
thereof is omitted . 

According to this embodiment, the coolers 28a, 28c, 
28e, and 28g are arranged on one side (front portion of the 

2 5 generator) of a space between a stator frame 1 and a stator 

iron core 2 , which are opposed to each other with respect to a 
rotating shaft 9, and the coolers 28b, 28d, and 28f are 
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arranged on the other side (rear portion of the generator) of 
the spa'ce . Accordingly , in the f irst , second , and third 
ventilating circuits 29 , 30 and 31 , a region in which a 
coolant flows from the inner peripheral side to the outer 
5 peripheral side of the stator iron core 2 and then passes 

through the coolers 2 8 can be formed in the front portion of 
the generator, and a region in which the coolant passes 
through the coolers 2 8 and then flows from the outer 
peripheral side to the inner peripheral side of the stator 

10 iron core 2 can be formed in the rear portion of the 

generator. As a result, it is possible to eliminate the 
intersection of the ventilating passages in which the coolant 
flows, and hence to reduce the ventilating resistance of the 
coolant . This makes it possible to increase the amount of the 

15 coolant to be supplied to the central portion of the stator 

iron core 2 and its neighborhood, and hence to further improve 
the effect of cooling the central portion of the stator iron 
core 2 , 

In this embodiment, description has been made by way of 
2 0 the example in which the coolers are arranged in both the 

front and rear portions of the generator; however, the same 
effect can be obtained even by adopting an example in which 
the coolers are arranged in both the upper and lower portions 
of the generator . 
2 5 ( Seventh Embodiment) 

Fig . 13 shows a configuration of a turbine generator 
according to a seventh embodiment . The turbine generator in 
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this embodiment is of an open-type in which the inside of the 
generator is cooled by atmospheric air sucked in the 
generator. In the figure, reference numeral 50 designates a 
stator frame. A cylindrical stator iron core 51 is provided 
5 inside the stator frame 50 . A plurality of slots , which 

continuously extend in the axial direction, are formed in an 
inner peripheral portion of the stator iron core 51 in such a 
manner as to extend in the peripheral direction. Stator coils 
52 are enclosed in the slots. A plurality of ventilating 
10 ducts 53, which continuously extend in the radial direction, 
are formed in the stator iron core 51 in such a manner as to 
be spaced from each other at equal intervals in the axial 
direction . 

A rotor iron core 5 5 is provided on the inner peripheral 
15 side of the stator iron core 51 with an air gap 54 disposed 

between the rotor iron core 55 and the stator iron core 51. A 
plurality of slots, which continuously extend in the axial 
direction, are formed in an outer peripheral portion of the 
rotor iron core 55 in such a manner as to extend in the 
20 peripheral direction, and rotor coils are enclosed in the 

slots. Cylindrical retaining rings 56 for pressing both ends 
of the rotor coils are provided at both ends of the rotor iron 
core 55. A rotating shaft 57 is provided integrally with the 
rotor iron core 55 in such a manner as to extend in the axial 
25 direction along the central axis of the rotor iron core 55. 

Annular end brackets 58 functioning as block members are 
provided at both axial ends of the stator frame 50. A bearing 
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apparatus for rotatably supporting the rotating shaft 57 is 
provided on the inner peripheral side of each end bracket 58. 
A current collector for supplying power to the rotor coils 
during rotation is provided at one end (outside the bearing 
5 apparatus) of the rotating shaft 57. A connecting portion 
connected to a turbine serving as a driving source of the 
generator is formed at the other end (outside the bearing 
apparatus) of the rotating shaft 57, 

Fans 59 for boosting a coolant sucked in the generator 

10 and circulating it in the generator are provided at both ends 
(inside the bearing apparatuses) of the rotating shaft 57. 
While the fans 59 are used as the boosters for boosting the 
coolant in this embodiment, other types of boosters may be 
used- The fans 59 provided at both ends (outside the bearing 

15 apparatuses) of the rotating shaft 57 are right-left 

symmetrical with respect to a center line 60. The center line 
60 is a bisector which crosses the rotating shaft 57 at right 
angles at such a position as to equally divide the distance 
between the end brackets 58 into two right- left symmetric 

2 0 parts. 

An air suction hole 61 for sucking atmospheric air in the 
generator is provided on the inner peripheral side of each end 
bracket 58 in such a manner as to face the fan 59. An air 
discharge hole 62 for discharging the atmospheric air which 
2 5 has been sucked in the generator to the outside of the 

generator is provided on the outer peripheral side of each end 
bracket 58. 
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Ventilating passages 63a to 63g, which continuously 
extend in the peripheral direction, are provided between the 
stator frame 50 and the stator iron core 51 in parallel with 
each other in the axial direction . The ventilating passages 
5 63a to 6 3g are formed by a plurality of annular partition 

plates 64 for partitioning a space between the stator frame 50 
and the stator iron core 51 in the axial direction, the inner 
surface of the stator frame 50, and the outer peripheral 
surface of the stator iron core 51 , and are in communication 
10 with the ventilating ducts 53. The ventilating passages 63a 
to 63g are right-left symmetrical with respect to the center 
line 60, 

Ventilating passages 65 and 66, which continuously extend 
in the radial direction, are provided between the stator iron 

15 core 51 and the end bracket 58. The ventilating passages 65 
and 66 are right-left symmetrical with respect to the center 
line 60. Ventilating passages 67 and 68, which provide 
communication between the air suction holes 61 and the fans 59 
and continuously extend in the axial direction, are provided 

20 between the end brackets 58 and the fans 59. The ventilating 
passages 67 and 68 are formed by partitioning spaces between 
the stator iron core 51 and the end brackets 58 by means of 
cylindrical partitioning plates 69 , and are right-left 
symmetrical with respect to the center line 60. 

25 A ventilating passage 70, which connects the ventilating 

passages 65 and 66 to the ventilating passages 63b, 63d and 
63f and continuously extends in the axial direction, is 
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provided in the lower portion of the generator. A ventilating 
passage 71, which connects the air discharge holes 62 to the 
ventilating passages 63a, 63c, 63e and 63g and continuously 
extends in the axial direction, is also provided in the lower 
5 portion of the generator. 

Coolers 72 for cooling the coolant which has been sucked 
from the outside of the generator are provided in the 
ventilating passages 63b, 63d and 63f. The coolers 72a to 72c 
are arranged in a lower portion of the generator in such a 

10 manner as to be aligned in a row in the axial direction. It 

should be noted that the coolers 72a to 72c may be arranged in 
an upper portion of the generator. The coolers 72a to 72c are 
right-left symmetrical with respect to the center line 60. A 
pipe line for supplying cooling water adit-a pipe line for 

15 discharging the cooling water are connected to each of the 

coolers 72a to 72c, The coolers 72a to 72c are identical to 
each other in terms of cooling capacity. 

A plurality of ventilating circuits including the 
above-described ventilating passages are formed in the 

20 generator. A first ventilating circuit 73, a second 

ventilating circuit 74, and a third ventilating circuit 75 are 
formed on one side (left side in Fig. 13) of the center line 
60, and, similarly, three ventilating circuits are formed on 
the other side (right side in Fig. 13) of the center line 60. 

2 5 The three ventilating circuits formed on the one side of the 
center line 60 are right-left symmetrical to the three 
ventilating circuits formed on the other side of the center 
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line 60. Further, the flow of coolant and the temperature 
rise characteristic on the one side of the center line 60 are 
right-left symmetrical to those on the other side of the 
center line 60. Therefore, the configuration of the 
5 ventilating circuits and the flow of coolant only on the one 
side of the center line 60 will be described below. 

The first ventilating circuit 73 is an open loop shown by 
a solid arrow in Fig. 13, which extends from the air suction 
hole 61 to the fan 59 via the ventilating passage 67, and 

10 further extends from the fan 59 to the air discharge hole 62 
via the air gap 54, ventilating duct 53, ventilating passage 
63a, and ventilating passage 71. 

The second ventilating circuit 74 is an open loop shown 
by "a dotted arrow in Fig. 13, which extends from the air 

15 suction hole 61 to the fan 59 via the ventilating passage 67, 
further extending from the fan 59 to the cooler 72a via the 
ventilating passages 65 and 70, and then extends from the 
cooler 72a to the air discharge hole 62 via the ventilating 
passage 63b, ventilating duct 53, air gap 54, ventilating duct 

20 53, and ventilating passages 63c and 71. 

The third ventilating circuit 7 5 is an open loop shown by 
a dotted arrow in Fig . 13 , which extends from the air suction 
hole 61 to the fan 59 via the ventilating passage 67, further 
extending from the fan 59 to the cooler 72b via the 

2 5 ventilating passages 65 and 70, and then extends from the 

cooler 72b to the air discharge hole 62 via the ventilating 
passage 63d, ventilating duct 53, air gap 54, ventilating duct 
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53, and ventilating passages 63c and 71. 

The flow of coolant will be described below. First, 
atmospheric air, which is sucked from the air suction hole 61 
into the generator by rotation of the fan 59, reaches the air 
5 suction side of the fan 59 via the ventilating passage 67. 

The atmospheric air is boosted by the fan 59, and is allowed 
to flow from the discharge side of the fan 59 to respective 
ventilating circuits . 

In the first ventilating circuit 73, the atmospheric air 

10 boosted by the fan 59 flows axially in the air gap 54 to the 

ventilating duct 53 communicating with the ventilating passage 
63a while cooling the inner peripheral side of the stator iron 
core 51. The atmospheric air which has reached the 
ventilating duct 53 communicating with the ventilating passage 

15 63a flows in the ventilating duct 53 from the inner peripheral 
side to the outer peripheral side of the stator iron core 51, 
that is, to the ventilating passage 63a, while cooling the 
inside of the stator iron core 51 and the stator coils 52. 
The atmospheric air which has reached the ventilating passage 

2 0 18a cools the outer peripheral side of the stator iron core 51 
and f lows from the ventilating passage 18a to the air 
discharge hole 62 via the ventilating passage 71. 

In the second ventilating circuit 74, the atmospheric air 
boosted by the fan 59 flows radially in the ventilating 

25 passage 65 to the ventilating passage 70, while cooling the 
end portion of the stator iron core 51 and the coil end 
portions of the stator coils 52. The atmospheric air which 
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has reached the ventilating passage 70 flows axially in the 
ventilating passage 7 0 to the cooler 72a • The atmospheric air 
which has reached the cooler 72a is cooled by the cooler 72a 
and flows in the ventilating passage 63b in the peripheral 
5 direction , while cooling the outer peripheral side of the 
stator iron core 51, and reaches the ventilating duct 53 
communicating with the ventilating passage 63b. 

The atmospheric air which has reached the ventilating 
duct 53 communicating with the ventilating passage 63b flows 

10 in the ventilating duct 53 from the outer peripheral side to 

the inner peripheral side of the stator iron core 51, that is, 
to the air gap 54, while cooling the inside of the stator iron 
core 51 and the stator coils 52. The atmospheric air which 
has reached the air gap 54 flows axially in the air gap 54 to 

15 the ventilating duct 53 communicating with the ventilating 
passage 63c, while cooling the inner peripheral side of the 
stator iron core 51. 

The atmospheric air having reached the ventilating duct 
53 communicating with the ventilating passage 63c flows in the 

2 0 ventilating duct 53 from the inner peripheral side to the 

outer peripheral side of the stator iron core 51, that is, to 
the ventilating passage 63c, while cooling the inside of the 
stator iron core 51 and the stator coils 52. The atmospheric 
air which has reached the ventilating passage 63c cools the 

2 5 outer peripheral side of the stator iron core 51 and flows 

from the ventilating passage 63c to the air discharge hole 62 
via the ventilating passage 71. 
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In the third ventilating circuit 75, the atmospheric air 
boosted by the fan 59 flows in the ventilating passage 65 to 
the ventilating passage 70 while cooling the end portion of 
the stator iron core 51 and the coil end portions of the 
5 stator coils 52. The atmospheric air which has reached the 
ventilating passage 70 flows axially in the ventilating 
passage 70 to the cooler 72b, The atmospheric air which has 
reached the cooler 72b is cooled by the cooler 72b and flows 
in the ventilating passage 63d in the peripheral direction, 

10 while cooling the outer peripheral side of the stator iron 

core 51 and reaches the ventilating duct 53 communicating with 
the ventilating passage 63d- 

The atmospheric air which has reached the ventilating 
duct 53 communicating with the ventilating passage 63d flows 

15 in the ventilating duct 53 from the outer peripheral side to 

the inner peripheral side of the stator iron core 51, that is, 
to the air gap 54, while cooling the inside of the stator iron 
core 51 and the stator coils 52. The atmospheric air which 
has reached the air gap 54 flows axially in the air gap 54 to 

20 the ventilating duct 53 communicating with to the ventilating 
passage 63c, while cooling the inner peripheral side of the 
stator iron core 51. 

The atmospheric air which has reached the ventilating 
duct 53 communicating with the ventilating passage 63c flows 

2 5 in the ventilating duct 53 from the inner peripheral side to 

the outer peripheral side of the stator iron core 51, that is, 
to the ventilating passage 63c, while cooling the inside of 
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the stator ir ^ core 51 and the stator coils 52 - The 
atmospheric aii\ which has reached the ventilating passage 63c 
cools the outer peripheral side of the stator iron core 51 and 
flows from the ventilating passage 63c to the air discharge 
hole 62 via the ventilating passage 71. 

According to the embodiment configured as described 
above, the atmospheric air sucked from the outside of the 
generator and boosted by the fan 59 is introduced to the 
ventilating passage 6 3d positioned at the central portion of 
the stator iron core 51, being cooled by the cooler 72b, and 
is allowed to flow from the outer peripheral side to the inner 
peripheral side of the stator iron core 51, so that it is 
possible to supply the atmospheric air, which is sufficiently 
cooled, to the central portion of the stator iron core 51 . 

Accordingly, the central portion of the stator iron core 
51, at which the temperature of the supplied atmospheric air 
tends to become highest and the amount of the supplied 
atmospheric air tends to become smallest, can be cooled by the 
atmospheric air, which is sufficiently cooled by the cooler, 
and thereby , local heat generation in the air gap 54 can be 
suppressed. This makes it possible to level the axial 
temperature rise distribution in the generator and hence to 
suppress the thermal oscillation stroke of the rotor. 
(Eighth Embodiment) 

Fig. 14 shows a configuration of a turbine generator 
according to an eighth embodiment. This embodiment is a 
variation of the seventh embodiment. The turbine generator in 
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this embodiment is of an open type like the seventh 
embodiment. In this embodiment, coolers 72a and 72b are 
provided at both ends of a ventilating passage 70 in such a 
manner as to be right-left symmetrical with respect to a 
center line 60. The remainder of the configuration is the 
same as that of the seventh embodiment, and therefore, a 
description thereof is omitted. 

Even in this embodiment, the same effect can be obtained 
by providing the same ventilating circuits and flow of 
atmospheric air as those in the seventh embodiment, and 
further, since the number of the coolers is reduced by one, it 
is possible to simplify the configuration of the generator and 
hence to reduce the cost of the generator. 

The present invention is applicable to a rotating 
electric machine in which coolers for cooling a coolant such 
as air or hydrogen gas are provided. In particular, the 
present invention is applicable to a rotating electric machine 
using air as a coolant, that is, an air-cooled generator, and 
provides an increase in the capacity of a generator, for 
example, of a hydrogen-cooled type. 



DESCRIPTION 



ROTATING ELECTRIC MACHINE AND COOLING METHOD THEREOF 

Technical Field 

The present invention relates to a rotating electric 
machine in which a cooler for cooling a coolant is provided, 
y (and) a (cooling) methodj^ ghereo^ . 



Background ^rl£) <^ ^m^^^^^S^^ 



A rotating electric machine in which a cooler for 
cooling a coolant is provided has been^[know^, for example, 

(froi^t^ Japanese Patent Laid-open Nos . Hei 7-177705 and Hei 
10-146022. The rotating electric machine described in ^ - 
these documents is configured such that a space between a 
St at or frame and a s tat or iron core is partitioned into a 
low temperature gas chamber (iipj which a coolant at a low 
temperature is supplied^ and a high temgerature gas chamber^ 
in which the heated coolant flows^ and a)^plurality of 
coolers distributed in the axial direction are provided in 
a foundation pit under the rotating electric machine, 

(whereifii jthe coolant cooled by the plurality of coolers and 
boosted by a ventilating .fan is introduced toiheat sources. 

*) A ^ ) 

such as [aiT)|iron core and/^coilSN via the low temperature gas 
chamber^ and the coolant ^aving^been used for cooling the 
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heat sources is (introduce^ j to the coolers via the high 
temperature gas chamber * 

The above-described rotating electric machine, 
however, has a problem. Since the coolant^[havin§j passed 
through one or two or more of the heat sources is 
introduced to a central portion jin the axial direction] of 
the iron core, the temperature of the coolant is raised 
before the coolant reaches the central portion ^n the axia^ 
(direction) of the iron core. Accordingly, for the above- 
described rotating electric machine, if a thermal load 
generated from the heat sources v such as the iron core and 
coilst becomes large with an increase in k generation capacity 
or inj^loss density, the cooling effect of the coolant 
introduced to the central portion |in the axial directiorf) of . 
the iron core is significantly degraded. As a result, the 
above-described rotating electric machine (has)^ a possibility 
that local heat generation ^ccursjj|in a gap between the 



stator iron core and a rotor iron core,jito increase the 
thermal oscillation stroke of the rotor due to uneven 
thermal expansion of the rotor in the axial direction. 

To solve the above-described problem, there may be 
considered a method of increasing the amount of the coolant 
or optimizing the distribution of the amounts of the 
coolant components supplied to respective ventilating 
passages by adjusting the ventilating resistance; however. 
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according to the former method, the ventilation loss of the 
coolant caused upon boosting the coolant by the fan becomes 
larger, to increase the total loss in^coolant; and^ 
according to the latter method, since the ventilation 
resistance must be adjusted while the desired electric and 
mechanical characteristics are satisfied in ^hS^j^limited 
space, it is difficult to optimize the distribution of the 
coolant components supplied to the respective ventilating 
passages . 

|Disclosurejj(of Invention 

An object of the present invention is to provide a 
rotating electric machine^ capable of^fleveling the) axial 
temperature rise distribution Q.n the machin^, and a cooling 
method thereof . 

The basic feature of the present invention is to 
supply a coolant/ sufficiently cooledj^to a central portion 
|in the axial directio^ of an iron core which is most 
distant from both axial ends of the iron core. To realize 
(th^l feature of the present invention, a plurality of 
ventilating passages, which continuously extend in the 
peripheral direction, are provided in the axial direction 
between a stator frame and a stator iron core, and ^coolers 
are provided in at least thosej^ communicated toj^the central 
portion the axial directionj of the iron core, of the 
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plurality of ventilating passages formed in the axial 
direction, wherein the coolant boosted by a booster is 
cooled by the coolers and is allowed to flow to the central 
portion ^ the axial directio^ of the iron core in the 
direction from the outer peripheral side to the inner 
peripheral side of the iron core via the ventilating 
passages [communicated to the central portion in the axiaT^ 
direction of the iron cor^. 

If ^he) ventilating passages (of even numbers^ are 
provided, two to four of the ventilating passages, which 
are located on the central side, constitute the ventilating 
passages ^ommunicated to) the central portion (Tn the axialj 
(directio^ of the iron core. If (the) ventilating passages [of^ 
^dd numbers) are provided, one to three of the ventilating - 
passages, which are located on the central side, constitute 
the ventilating passages (communicated to)j|the central 
portion (in the axial direction] of the iron core. The 
number of the ventilating passages is dependent on the 
capacity of the rotating electric machine- For example, 
for a generator having a generation capacity of 100 MW 
class, at least three ventilating passages are provided, 
and for a generator having a generation capacity of 350 MW 
class or more , ventilating passages (of the number of 7 to) 
or mor^ are provided. 
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According to the above feature of the present 
invention , j^^here can be obtained an effect of levelingj the 
axial temperature rise distribution in the machine. In 
particular, the above feature is effective Jojyja rotating 
electric machine in which the axial length is long and air 
is used as a coolant, for example, an air-cooled generator 
having a large capacity. Air which is larger in viscosity 
than hydrogen exhibits a high ventilating resistance [upon)j| 
^l-owin§^ in ^hej )(generator , to thereby cause ^h^j| temperature 
rise. The longer the ventilating distance of air, the 
larger the ventilating resistanc^. As a result, for a 
generator ^ein^ jlonger in axial length and larger in 
capacity, the temperature rise of ^air becomes significantly 
larger, and the amount of the air supplied to the central- , 
portion ^n the axial direction] of an iron core becomes 
smaller. 

Accordingly, a small amount of air whose temperature 
is raised is supplied to the central portion ^n the axial) 

^J.rection) of the iron core which is most distant from both 
the axial ends of the iron core, with a result that there 
occurs a difference in temperature between each of the 
axial ends of the iron core and the central portion |i^n thej 

(axial direction^ of the iron core. According to the present 
invention ^apable of supplylngj a coolant j sufficiently 
cooled to the central portion ^ri the axial directio^ of the 



iron core, however, it is j| possible to suppress the 
temperature rise of the central portion fin the axial] 
jdirectionj of the iron cor & (alt) j an allowable value or less, 
andjjhence^ to level the axial temperature rise distribution 
in the machine . 

The leveling of the axial temperature rise 
distribution in the machine means that the temperature rise 
of the central portion (in the axial direction] of the iron 
core is suppressed jatjjj^ an allowable value or less, to reduce 
the difference in temperature between each of the axial 
ends of the iron core and the central portion ^n the axial) 
^irectionj of the iron core. Accordingly, there is |any^ vmt' 
variation in the axial temperature rise distribution in the 
machine . - 



Brief Description of Drawings 

Fig. 1 is a perspective view, with parts partially 
cutaway, showing the external appearance and inner 
configuration of a turbine generator according to a first 
embodiment of the present invention; 

Fig. 2 is a plan view, /yseen in the direction shown 
by an arrow II of Fig. 1, showing the external 
configuration of the turbine generator ; 

Fig. 3 is a plan view, iseen in the direction shown 
by an arrow III of Fig. 2, showing the external 
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configuration of the turbine generator; 

Fig. 4 is a sectional view taken on line IV- IV of 
Fig. 1, showing the inner structure of a portion, 
positioned under a rotating shaft, of the turbine 
generator; 

Fig. 5 is a perspective view showing the external 
configuration of a turbine generator according to a second 
embodiment of the present invention; 

Fig. 6 is a sectional view taken on line VI -VI of 
Fig. 5, showing the inner structure of a portion, 
positioned over a rotating shaft, of the turbine generator 

Fig. 7 is a sectional view showing the inner 
structure of a portion, positioned over a rotating shaft, 
of a turbine generator according to a third embodiment ; - 

Fig . 8 is a sectional view showing the inner 
structure of a portion, positioned over a rotating shaft, 
of a turbine generator according to a fourth embodiment of 
the present invention; 

Fig , 9 is a sectional view showing the inner 
structure of a portion, positioned under a rotating shaft, 
of a turbine generator according to a fifth embodiment of 
the present invention; 

Fig. 10 is a front view showing the external 
configuration of a turbine generator according to a sixth 
embodiment of the present invention; 



'O ^3 ^Si il 'bi^ "F" S; ... f 1 " IS 



- 8 - 

Fig, 11 is a side view, ^ seen in the direction shown 
by an arrow XI of Fig. 10, showing the external 
configuration of the turbine generator ; 

Fig. 12 is a sectional top view taken on line XII- 
XII of Fig. 11, showing the inner configuration of the 
turbine generator ; 

Fig, 13 is a sectional view showing the inner 
configuration of a portion, positioned under a rotating 
shaft , of a turbine generator according to a seventh 
embodiment of the present invention ; and 

Fig. 14 is a sectional view showing the inner 
configuration of a portion, positioned under a rotating 
shaft, of a turbine generator according to an eighth 
embodiment of the present invention. ' - 



Best Mode for Carrying Out the Invention 

Hereinafter, j[embodiments of the present invention 
will be described with reference to the drawings. 
{ First Embodiment ) . 

Figs. 1 to 4 show [^J configuration of a turbine 
generator according to a first embodiment of the present 
invention. The turbine generator in this embodiment is of 
an enclosed type (or a full-closed type) in which the 
inside of the generator is cooled with a coolant enclosed 
in the generator . In these figures , reference numeral 1 
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designates a stator frame. A cylindrical stator iron core 
2 is provided inside the stator frame 1, A plurality of 
slots 3, which continuously extend in the axial direction, 
are formed in an inner peripheral portion of the stator 
iron core 2 in such a manner as to extend in the peripheral 
direction. Stator coils 4 are enclosed in the slots 3. A 
plurality of ventilating ducts 5, which continuously extend 
in the radial direction, are formed in the stator iron core 
2 in such a manner as to be spaced from each other at equal 
intervals in the axial direction. 

A rotor iron core 7 is provided on the inner 
peripheral side of the stator iron core 2^with an air gap 6 
[put^ between the rotor iron core 7 and the stator iron core 
2, A plurality of slots {not shown), which continuously^ - 
extend in the axial direction, are formed in an outer 
peripheral portion of the rotor iron core 7 in such a 
manner as to extend in the peripheral direction. Rotor 
coils (not shown) are enclosed in the slots of the rotor 
iron core 7, Cylindrical retaining rings 8 for pressing 
both ends of the rotor coils are provided at both ends of 
the rotor iron core 7. A rotating shaft 9 is provided 
integrally with the rotor iron core 7 in such a manner as 
to extend in the axial direction along the central axis of 
the rotor iron core 7 . 
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Annular end brackets 10 functioning as block members 
are provided at both axial ends of the stator frame 1. A 
bearing apparatus 11 for rotatably supporting the rotating 
shaft 9 is provided on the inner peripheral side of each 
end bracket 10. A current collector 12 for supplying |^ 
power to the rotor coils during rotation is provided at one 
end (outside the bearing apparatus 11) of the rotating 
shaft 9. The current collecto'r 12 is configured to 
electrically connect the stator side to the rotor side by 
bringing carbon brushes into press -contact with a current - 
collecting ring provided at the one end (outside the 
bearing apparatus 11) of the rotating shaft 9. A 
connecting portion connected to a turbine/\as a {rotatin^p^ 
source [of^jlthe generator^ is formed at the other end (outside, 
the bearing apparatus 11) of the rotating shaft 9. 

Fans 13 for boosting a coolant enclosed in the 
generator and circulating it in the generator are provided 
at both ends (inside the bearing apparatuses 11) of the 
rotating shaft 9. While the fans 13 are used as ^he] 
boosters for boosting ^a^ coolant in this embodiment, other 
types of boosters may be used. The fans 13 provided at 
both [the) ends (outside the bearing apparatuses 11) of the 
rotating shaft 9 are right -left symmetrical with respect to 
a center line 14. The center line 14 is a bisector which 
crosses the rotating shaft 9 at right angles at such a 
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position as to equally divide ja^jdistance between the end 
brackets 10 into ^wo| right-left symmetric parts. 

Terminals 15 for three-phasesy^ are provided on the 
upper surface of the stator frame 1 in such a manner as to 
project upwardly therefrom. The terminals 15 are used for 
taking [a) generated power out of the stator coils 4 ^ iJ^^-^^^ 
electrically connected to the terminals 15. Hoisting 
accessories 16 are provided on the front surface of the 
stator frame 1 at two positions and on the back surface 
thereof at two positions. For example, when installed in a 
foundation pit 17, the generator main body is hoisted by a 
crane via wires fastened to the hoisting accessories 16, 

Ventilating passages 18a to 18g, which continuously 
extend in the peripheral direction, are provided between - , 
the stator frame 1 and the stator iron core 2 in parallel 
to each other in the axial direction. The ventilating 
passages 18a to 18g are formed by a pli^ality of annular 
partition plates 19 for partitioning (a^^space between the 
stator frame 1 and the stator iron core 2 in the axial 
direction , the inner surface of the stator frame 1 , and the 
outer peripheral sujc^ace of the statgr iron core 2, and (arej 
Communicated tq^the ventilating ducts 5^. The ventilating 
passages 18a to 18g are right-left symmetrical with respect 
to the center line 14 . 
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Ventilating ducts 22a to 22c, extending in the axial 
direction, are provided on the back surface of the stator 
frame 1 in parallel |tc5); each other in ^he)/ direction 
perpendicular to the axial direction. The ventilating 
ducts 22a and ^Oc^jjform ventilating passages 20 continuously 
extending in the axial direction. The ventilating passages 
20 [are communicated to^jythe ventilating passages 18b, 18d, 
and IBf . The ventilating duct 22b forms a ventilating 
passage 21 continuously extending in the axial direction. 
The ventilating passage 21 (is communicated tq)^the 
ventilating passages 18a, 18c, 18e, and 18g. 

Ventilating passages 23 to 26, which continuously 
extend in the radial direction, are provided between the 
stator iron core 2 and the end brackets 10. The ' " - , 

ventilating passages 23 to 26 are formed by partitioning a 
space between the stator iron core 2 and the end bracket 10 
(byjjiannular partitioning jplanesy^ 27 facing ^o^ the outer 
peripheral side of the fan 13. The ventilating passages 23 
and 24, each of which (communicates^^the discharge side of 
the fan 13 ^o)^the ventilating passage 20, are right-left 

symmetrical with respect to the center line 14. The a 

ventilating passages 25 and 26, each of which (communicatesj/^ 
the suction side of the fan 13 ^6)j^the ventilating passage 
21, are right-left symmetrical with respect to the center 
line 14, 
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Each of the ventilating passages 18a to 18g is 
provided with a cooler |^8^ for cooling a coolant enclosed in 
the generator* The coolers 28a to 28g are arranged under 
the generator in such a manner as to be aligned in a row in 
the axial direction. It should be noted that the coolers 
28a to 28gjmay be arranged on the upper portion of the 
generator. The coolers 28a to 28g are j( right -left 
symmetrical with respect to the center line 14. A pipe 
line 29 for supplying cooling water and a ^ile^jline 30 for 
discharging cooling water are connected to each of the 
coolers 28a to 28g. The coolers 28a to 28g are identical 
to each other in cooling capacity, but are different from 
each other in external size depending on the size of the 
ventilating passage 18 on which the cooler is provided. In 
this embodiment, since the axial width of each of the 
ventilating passages 18b and 18f is smaller than that of 
each of the remaining ventilating passages, the axial width 
of each of the coolers 28b and 28f is made smaller than 
that of each of the remaining coolers . 

A plurality of ventilating circuits configured by 
the above- described ventilating passages, etc. are formed 
in the generator. A first ventilating circuit 29, a second 
ventilating circuit 30, and a third ventilating circuit 31 
are formed on one side (left side in Fig. 4) (from)^the 
center line 14, and similarly three ventilating circuits 
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are formed on the other side (right side in Fig. 4) ^rornj/\ 
the center line 14. The three ventilating circuits formed 
on the one side from the center line 14 are right -left 
, symmetrical^ to the three ventilating circuits formed on the 
other side from the center line 14. Further, the flow of a 
coolant and the temperature rise characteristic on the one 
side from the center line 14 are right -left symmetrical; to 
those on the other side from the center line 14. Therefore, 
the configuration of the ventilating circuits and the flow 
of a coolant on ^hejj^one side groi^^the center line 14 will 
be described below. 

The first ventilating circuit 29 is a closed loop 
designated by a solid arrow in Fig. 4, which extends from 
the discharge side of the fan 13 to the ventilating duct' 5 
via the air gap 6 , further ^xtending||f rom the ventilating 
duct 5 to the cooler 28a via the ventilating passage 18a, 
and |y extends from the cooler 28a to the suction side of the 
fan 13 via the ventilating passages 21 and 25, In the 
first ventilating circuit 29, heat sources giving heat to 
the ventilating passages 18a, air gap 6 and ventilating 
duct 5 are connected in series to the cooler 28a. The heat 
source giving heat to the air gap 6 and the ventilating 
passage 18a is the stator iron core 2 generating iron loss, 
and the heat sources giving heat to the ventilating duct 5 
are the stator iron core 2 generating iron loss and the 
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stator coils 4 generating copper loss. 

The second ventilating circuit 30 is a closed loop 
designated by a dotted arrow in Fig. 4, which extends from 
the discharge side of the fan 13 to the cooler 28b via the 
ventilating passage 23, further [extendingj^from the cooler 
28b to the cooler 28c via the ventilating passage 18b, 
ventilating duct 5, air gap 6, ventilating duct 5, and 
ventilating passage i8c, and; extends from the cooler 28c to 
the suction side of the fan 13 via the ventilating passages 
21 and 25. In the second ventilating circuit 30, heat 
sources and the coolers are alternately arranged in series, 
and J more specifically, the heat sources giving heat to the 
ventilating passage 23, the cooler 28b, the heat sources 
giving heat to the ventilating passages 18b and 18c, air' - 
gap 6 and ventilating duct 5, and the cooler 28c are 
arranged in this order. The heat source giving heat to the 
air gap 6 and ventilating passages 18b and 18c is the 
stator iron core 2 generating iron loss, and the heat 
sources giving heat to the ventilating duct 5 and the 
ventilating passage 23 are the stator iron core 2 
generating iron loss and the stator coils 4 generating 
copper loss . 

The third ventilating circuit 31 is a closed loop 
designated by a dotted arrow in Fig. 4, which extends from 
the discharge side of the fan 13 to the cooler 28d via the 
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ventilating passage 23, further jextendin^^f rom the cooler 
28d to the cooler 28c via the ventilating passage 18d, 
ventilating duct 5, air gap 6, ventilating duct 5, and 
ventilating passage 18c, and/ extends from the cooler 28c to 
the suction side of the fan 13 via the ventilating passages 
21 and 25, In the second ventilating circuit 30, heat 
sources and the coolers are alternately arranged in series, 
and more specifically, the heat sources giving heat to the 
ventilating passage 23, the cooler 28d, the heat sources 
giving heat to the ventilating passages 18d and 18c, air 
gap 6, and ventilating duct 5, and the cooler 28c are 
arranged in series in this order. The heat source giving 
heat to the air gap 6 and the ventilating passages 18d and 
18c is the stator iron core 2 generating iron loss, and the. 
heat sources giving heat to the ventilating duct 5 and the 
ventilating passage 23 are the stator iron core 2 
generating iron loss and the stator coils 4 generating 
copper loss- 

The flow of the coolant will be described below. The 
coolant enclosed in the generator, which is boosted by 
rotation of the rotating shaft 9, flows from the discharge 
side of the fan 13 to each ventilating circuit. In the 
ventilating circuit 29, the coolant boosted by the fan 13 
flows axially in th^ air gap 6 to the ventilating duct 5 
(communicated tojj^xhe ventilating passage 18a. The coolant 
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jhavingj^ reached the ventilating duct 5 {communicated to]/the 
ventilating duct 18a flows in the ventilating duct 5 from 
the inner peripheral side to the outer peripheral side of 
the stator iron core 2, that is, to the ventilating passage 
18a while cooling the inside of the stator iron core 2 and 
the stator coils 4. The coolant ^avingjj reached the 
ventilating passage 18a cools the outer peripheral side of 
the stator iron core 21,1 and flows in the ventilating 
passage 18a to the cooler 28a. The coolant ^avin^j reached 
the cooler 28a is cooled by the cooler 28a[7j and flows from 
the cooler 28a to the suction side of the fan 13 via the 
ventilating passages 21 and 25. 

In the second ventilating circuit 30, the coolant 
boosted by the fan 13 flows radially in the ventilating ' - 
passage 23 to the ventilating passage 20 while cooling the 
end portion of the stator iron core 2 and the coij^^^^^^ 
portions of the stator coils 4. The coolant (having]j^reached 
the ventilating passage 20 flows axially in ^the^ 
passage 20 to the cooler 28b. The coolant [having|j| reached 
the cooler 28b is cooled by the cooler 28bjTj and flows in 
■the ventilating passage 18b in the peripheral direction 
while cooling the outer peripheral portion of the stator 



iron core 2 and reaches the ventilating duct 5 [communicated)/, 
^o) the ventilating passage 18b. The coolantj^(havingj reached 
the ventilating duct 5 ^ommunicated toj^the ventilating 
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passage 18b flows in the ventilating duct 5 from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 2 , that is , to the air gap 6 while cooling the 
inside of the stator iron yPore 2 and the stator coils 4. 

The coolant ^avin^^reached the air gap 6 flows 
axially in the air gap 6 to the ventilating duct 5 
{communicated tojj^the ventilating passage 18c while cooling 
the inner peripheral side of the stator iron core 2. The 
coolant (havingjjreached the ventilating duct 5 (communicatea|^ 
[t^ the ventilating passage 18c flows in the ventilating 
duct 5 from the inner peripheral side to the outer 
peripheral side of the stator iron core 2, that is, to the 
ventilating passage 18c while cooling the inside of the 
stator iron core 2 and the stator coils 4. The coolant 
(having^j^reached the ventilating passage 18c cools the outer 
peripheral side of the stator iron core 2^J and flows in the 
ventilating passage 18c to the cooler 28c. The coolant 
^avingj/^reached the cooler 28c is cooled by the cooler 28c, 
and flows from the cooler 28c to the suction side of the 
fan 13 via the ventilating passages 21 and 25. 

In the third ventilating circuit 31, the coolant 
boosted by the fan 13 flows radially in the ventilating 
passage 23 to the ventilating passage 20 while cooling the 
end portion of the stator iron core 2 and the coil^end 
portions of the stator coils 4. The coolant ^avingjn reached 
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the ventilating passage 20 flows axiaily in the ventilating 
passage 20 to the cooler 28d. The coolant [Raving^^eached 
the cooler 28d is cooled by the cooler 28d|7) and flows in 
the ventilating passage 18d in the peripheral direction 
while cooling the outer peripheral side of the stator iron 
core 2 and reaches the ventilating duct 5 ^ommunicated toj^ 
the ventilating passage 18d. The coolant [having] /reached 
the ventilating duct 5 fcommunicated tojjthe ventilating 
passage 18d flows in the ventilating duct 5 from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 2, that is, to the air gap 6 while cooling the 
inside of the stator iron core 2 and the stator coils 4* 

The coolant 5l^ving;j^reached the air gap 6 flows 
axiaily in the air /gap to the ventilating duct 5 " ^ - . 

Communicated tojj^the ventilating passage 18c while cooling 

the inner peripheral side of the stator iron core 2. The ^ 

coolant (having reached the ventilating duct 5 (communicated)^ 
[t^ the ventilating passage 18c flows in the ventilating 
duct 5 from the inner peripheral side to the outer 
peripheral side of the stator iron core 2, that is, to the 
ventilating passage 18c while cooling the inside of the 
stator iron core 2 and the stator coils 4 . The coolant 
[having^^reached the ventilating passage 18c cools the outer 
peripheral side of the stator iron core 2^j and flows in the 
ventilating passage 18c to the cooler 28c. The coolant 
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§.avingj)^reached ttie cooler 28c is cooled by the cooler 28c, 
and flows from the cooler 28c to the suction side of the 
fan 13 via the ventilating passages 21 and 25. 

According to ^hi^ j. embodiment configured as described 
above, the coolant boosted by the fan 13 is introduced to 
the ventilating passage 18d positioned at the central 
portion ^n the axial directionj of the stator iron core 2, 
being cooled by the cooler 28d, and is allowed to flow from 
the outer peripheral side to the inner peripheral side of 
the stator iron core 2, so that the coolant sufficiently 
cooled by the cooler can be supplied to the central portion 
(in the axial direction^ of the stator iron core 2 . 

Accordingly, the central portion (in the axialj 
^rectionj of the stator iron core 2 at which the 
temperature of the supplied coolant tends to become highest 
and the amount of the supplied coolant tends to become 
smallest can be cooled by the coolant^ sufficiently cooled 
by the cooler, and thereby local heat generation in the air 
gap 6 can be suppressed. This makes it possible to level 
the axial temperature rise distribution in the generator 
and hence to suppress the thermal oscillation stroke of the 
rotor . 

( Second Embodiment ) 

Figs. 5 and 6 show a configuration of a turbine 
generator according to a second embodiment . The turbine 
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generator in this embodiment is of an enclosed type (or a 
full-closed type) like the turbine generator in the first 
embodiment^but is shorter in axial length {or smaller in 
generation capacity) than the turbine generator in the 
first embodiment. Further, the turbine generator in this 
embodiment is configured such that the coolers 28 and the 
ventilating passages 20 and 21 provided in the lower 
portion of the generator in the first embodiment are 
provided in an upper portion of the generator. 

Ventilating passages 18a to 18d, which continuously 
extend in the peripheral direction, are provided between a 
stator frame 1 and a stator iron core 2 in parallel (td) jpach 
other in the axial direction The ventilating passages 18b 
and 18c are (communicated to|j[ a ventilating passage 20, and-A. 
the ventilating passages 18a and 18d are (communicated to)/ia 
ventilating passage 21. Coolers 28a and 28d are provided 
in the ventilating passage 21 in such a manner as to be 
right-left symmetrical with respect to a center line 14, 
and coolers 28b and 28c are provided in the ventilating 
passage 20 in such a manner as to be right-left symmetrical 
with respect to the center line 14. The coolers 28a to 28d 
are aligned in a row in the axial direction. a 

The coolers 28b and 28c are smaller in size, that is ,y ^i^^-*-^-^ 
cooling capacity than the coolers 28a and 28d. One reason 
for this is that the coolers 28b and 28c are used for 
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cooling part of a coolant^[havin^ been cooled by the coolers 
28a and 28d, and therefore, it is sufficient for the 
coolers 28b and 28c to be smaller in cooling capacity than 
the coolers 28a and 28d. This is advantageous in terms of 
cooling efficiency. Another reason is that^ since the 
ventilating passage 20 in which the coolers 28b and 28c are 
provided is smaller than the ventilating passage 21 in 
which the coolers 28a and 28d are provided, the sizes of 
the coolers 28b and 28c must be made smaller those of the 
coolers 28a and 28d. It should be noted that the coolers 
28a to 28d may be arranged in the lower portion' of the 
generator. a 

The other jconf iguratioi^jof this embodiment ^^ji the 
same as \that|jof the first embodiment, and therefore, ^hej - 
(oyerlapped)j[description thereof is omitted. In addition, 
since the ventilating passages and coolers are respectively 
right-left symmetrical with respect to the center line 14, 
and also the flow of a coolant and the temperature rise 
characteristic are respectively right-left symmetrical with 
respect to the center line 14, the configuration on/one 
side ^romj^the center line 14 will be described below. 

The flow of a coolant will be described j^elo^. When 
a fan 13 is rotated along with rotation of a rotating shaft 
9, a coolant enclosed in the generator is boosted/7j and is 
allowed to flow in respective ventilating passages. The 
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coolant discliarged on the discharge side of the fan 13 is 
branched into [a)j component on a ventilating passage 23 side 
and ^he other) J| component on an air gap 6 side. The coolant 
component branched on the air gap 6 side flows ±n an air 
gap 6 to a ventilating duct 5 ^ommunicated to|jthe 
ventilating passage 18a while cooling the inner peripheral 
side of the stator iron core 2. -v fi A 

The coolant component jliavin^jreached the ventilating 
duct 5 ^ommunicated t^j^the ventilating passage 18a flows in 
the ventilating duct 5 from the inner peripheral side to 
the outer peripheral side of the stator iron core 2, that 
is, to the ventilating passage 18a while cooling the inside 
of the stator iron core 2 and stator coils 4 . The coolant 
component||having| reached the ventilating passage 18a cools 
the outer peripheral side of the stator iron core 2£^ and 
flows from the ventilating passage 18a to the cooler 28a 
via the ventilating passage 21. The coolant component 
[havingj I reached the cooler 28a is cooled by the cooler 23aj\J 
and flows from the cooler 28a to the suction side of the 
fan 13 via the ventilating passage 25. 

The coolant component branched on the ventilating 
passage 23 side flows radially in a ventilating passage 23 
to the ventilating passage 20 while cooling the end portion 
of the stator iron core 2 and the coil end portions of the 
Stator coils 4. The coolant component {havingjji reached the 
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ventilating passage 20 flows axially in the ventilating . 
passage 20 to the cooler 28b. The coolant component^[having^ 
reached the cooler 28b is cooled by the cooler 28b, and 
flows from the cooler 28b to the ventilating passage 18b. 
The coolant component paving) jreached the ventilating 
passage 18b cools the outer peripheral side of the stator 
iron core 2, and flows in the ventilating rg^ssage 18b to 
the ventilating duct 5 gommunicated t^^he ventilating 
passage 18b. (U 

The coolant component^(having| reached the ventilating 
duct 5 ^mmunicated to];the ventilating passage 18b flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, that 
is, to the air gap 6 while cooling the inside of the stator 
iron core 2 and the stator coils 4. The coolant component 
^avin^j^ reached the air gap 6 flows axially the air gap 6 
to the ventilating duct 5 ^nmmri^ ventilating 
passage 18a while cooling the inner peripheral p^J^^ of the 
stator iron core 2. The coolant cpmponeivt (havin^l reached 



the ventilating duct 5 ^mmunicated tojythe ventilating 
passage 18a flows in the ventilating ducts 5 together with 
the above-described coolant component which has been 
branched from the discharge side of the fan 13 onto the air 
gap 6 side. 
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According to this embodiment, part of the coolant 
cooled by the cooler 28a (or 28d) and boosted by the fan 13 
is branched; andj the coolant component thus branched is 
cooled by the cooler 28b (or 28c), being introduced to the 
ventilating passage 18b (or 18c) positioned at the central 
portion |in the axial directio^ of the stator iron core 2, 
and is allowed to flow from the outer peripheral side to 
the inner peripheral side of the stator iron core 2^ and] * 
^^cordingl^, it is possible to supply the coolant ^ caX-cA ^ 
sufficiently cooled by the cooler^ to the central portion in 
the axial direction of the stator iron core 2. 

As a result , according to this embodiment , the 
central portion [in the axial directioj^ of the stator iron 
core 2 at which the temperature of the supplied coolant 
tends to become highest and the amount of the supplied 
coolant tends to become smallest can be cooled by the 
coolant j( sufficiently cooled by the cooler, so that it is 
possible to suppress local heat generation in the air gap 6 
and hence to level the axial temperature rise distribution 
in the generator. 
(Third Embodiment) 

Fig. 7 shows a configuration of a turbine generator 
according to a third embodiment . This embodiment is a 
variation of the second embodiment, characterized in that 
the axial length of the turbine generator in this 
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embodiment is longer than that of the turbine generator in 
the second embodiment. Ventilating passages 18a to 18e, 
which continuously extend in the peripheral direction, are 
provided between a stator frame 1 and a stator iron core 2 
in parallel to each other in the axial direction. The ^ 
ventilating passages 18a, 18b, 18d and 18e are ^ommunicate^ | 
fEo\ a ventilating passage 21, and the ventilating passage 
18c is \communicated tojfa ventilating passage 20. Coolers 
28a and 28c are provided in the ventilating passage 21 in 
such a manner as to be right -left symmetrical with respect 
to a center line 14, and a cooler 28b is provided in the 
ventilating passage. 20 at a communicating portion 
Communicated tojj^the ventilating passage 18c. The cooler 
28b is smaller in size or cooling capacity than each 'of the, 
coolers 28a and 28c. ^ 

The other ^onf igurationjjiof this embodiment (is))the 



same as ^that^ of the second embodiment, and i therefore , (^he] 
(oyer lappe^^descript ion thereof is omitted. In addition, 
since the ventilating passages and coolers are respectively 
right-left symmetrical with respect to the center line 14, 
and also the flow of (a) coolant and the temperature rise 
characteristic are respectively right -left symmetrical with 
respect to the center line 14, the configuration on j one 



side ^rom^Jlthe center line 14 will be described below. 
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The flow of a coolant will be described j^elo^. When 
a fan 13 is rotated along with rotation of a rotating shaft 
9, a coolant enclosed in the generator is boostec^J and is 
allowed to flow in respective ventilating passages. The 
coolant discharged on the discharge side of the fan 13 is 
branched ^n a| component on a ventilating passage 23 side 
and ^the othe^ y:::omponent on an air gap 6 side. The coolant 
component branched on the air gap 6 side flows in* an air 
gap 6 to ventilating ducts 5 ^communicated toj^the 
ventilating passages 18a and 18b while cooling the inner 
peripheral side of the stator iron core 2. 

The coolant component ^avingjj reached the ventilating 
ducts 5 (communicated to^Jtthe ventilating passages 18a and 
18b flows in the ventilating ducts 5 from the inner ' ^ - 
peripheral side to the outer peripheral side of the stator 
iron core 2, that is, to the ventilating passages 18a and 
18b^ while cooling the inside of the sta±o^:|^r^n core 2 and 
stator coils 4. The coolant component (havingj) reached the 
ventilating passages 18a and 18b cools the outer peripheral 
side of the stator iron core 2f,J and flows from the 
ventilating passages 18a and 18b to the cooler 28a via the 
ventilating passage 21. The coolant component (having 
reached the cooler 28a is cooled by the cooler 28c^ and 
flows from the cooler 28a to the suction side of the fan 13 
via a ventilating passage 25. 
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The coolant component branched on the ventilating 
passage 23 side flows radially in a ventilating passage 23 
to the ventilating passage 20j while cooling the end portion 
of the stator iron core 2 and the coil end portions of the 
stator coils 4 . The coolant component (having||reached the 
ventilating passage 20 flows axially in the ventilating n 
passage 20 to the cooler 28b. The coolant component (having)^ 
reached the cooler 28b is cooled by the cooler 28b|Vj and 
flows from the cooler 28b to the ventilating passage 18c. 
The coolant component (havingj preached the ventilating 
passage 18c cools the outer peripheral side of the stator 
iron core 2|7j and flows in the ventilating ^passage 18c to 
the ventilating duct 5 (communicated tojjthe ventilating 
passage 18c, \ h ' ' 

The coolant component ^^avingj reached the ventilating 
duct 5 (communicated to]^the ventilating passage 18c flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, that 
is, to the air gap 6j while cooling the inside of the stator 
iron Qore 2 and the stator coils 4. The coolant component 
(havinSj reached the air gap 6 flows axially in ^e air gap 6 
to the ventilating ducts 5 f^ommunicated to)j^the ventilating 
passages 18a and 18bjj while cooling the inner peripheral 
side of the stator iron core 2. The coolant componerit ^jsP[ 
[having|^reached the ventilating ducts 5 ^mmunicated tojj^the 
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ventilating passages 18a and 18b flows in the ventilating 
ducts 5 together with the above-described coolant component 

[having|jbeen branched from the discharge side of the fan 13 
onto the air gap 6 side. 

According to this embodiment , part of the coolant 
cooled by the cooler 28a (or 28c) and boosted by the fan 13 
is branched; and^the coolant component thus branched is 
cooled by the cooler 28c , being introduced to the 
ventilating passage 18c positioned at the central portion 

^in the axial direction^ of the stator iron core 2, and is 
allowed to flow from the outer peripheral side to the inner 
peripheral side of the stator iron core 2. Accordingly, it 
is possible to supply the coolant^ sufficiently cooled by 
the cooler^ to the central portion [in the axial directio^ of 
the stator iron core 2 . 

As a result , according to this embodiment , the 
central portion ^n the axial direction] of the stator iron 
core 2^ at which the temperature of the supplied coolant 
tends to become highest and the amount of the supplied 
coolant tends to become smallestjcan be cooled by the 
coolantjlsuf f iciently cooled by the cooler, so that it is 
possible to suppress local heat generation in the air gap 6 
and hence to level the axial temperature rise distribution 
in the generator . 
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(Fourth Embodiment) 

Fig. 8 shows a configuration of a turbine generator 
according to a fourth embodiment . This embodiment is a 
combination (example] of the second and third embodiments , 
characterized in that the axial length of the turbine 
generator in this embodiment is ^rther) longer than that of 
the turbine generator in the third embodiment. Ventilating 
passages 18a to 18g, which continuously extend in the 
peripheral direction, are provided between a stator frame 1 
and a stator iron core 2 in parallel to each other in the 
axial direction. The ventilatij\g passages 18a, 18c, 18e 
and 18g are (communicated to]j[a ventilating passage 21, and 
the ventilating passage 18d is (communicated t^;a 
ventilating passage 20. A ventilating passage 31 for 
(communicating^ a ventilating passage 23 to the ventilating 
passage 18b and a ventilating passage 32 for (communicating)^ 
a ventilating passage 24 to the ventilating passage 18f are 
provided between the stator frame 1 and the stator iron 
core 2 in such a manner as to be right -left symmetrical 
with respect to a center line 14. 

Coolers 28a and 28e are provided in the ventilating 
passage 21 in such a manner as to be right -left symmetrical 
with respect to the center line 14. A cooler 28c is 
provided in the veiitilating passage 20 at a portion 
(communicated to|)^the ventilating passage 18d. The cooler 
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28c is smaller in size or (cooingj^capacity than each of the 
coolers 28a and 28e. Coolers 28b and 28d are provided in 
the ventilating passage 31 in such a manner as to be right - 
left symmetrical with respect to the center line 14. The 
coolers 28b and 28d are each smaller |thanj in size or 
cooling capacity than each of the coolers 28a and 28e. 

The other Vconfiguratiofljof this embodiment Vis)J the 
same as ^hat)/of each of the second and third embodiments, 
andj therefore, ^e overlapped// description thereof is 
omitted. In addition, since the ventilating passages and 
coolers are respectively right-left symmetrical with 
respect to the center line 14, and also the flow of a 
coolant and the temperature rise characteristic are 
respectively right -left symmetrical with respect to the 
center line 14, the configuration on jone side [frorn]j[ the 
center line 14 will be described below. 

The flow of a coolant will be described [belo^. When 
a fan 13 is rotated along with rotation of a rotating shaft 
9, a coolant enclosed in the generator is boosted^^ and is 
allowed to flow in respective ventilating passages. The 
coolant discharged on the discharge side of the fan 13 is 
branched into [a))^ component on a ventilating passage 23 side 
and ^e other)) component on an air gap 6 side. The coolant 



component branched on the air gap 6 side flows ia 
gap 6 to ventilating ducts 5 (communicated t5)|^the 



an air 
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ventilating passages 18a and 18c while cooling the inner 
peripheral side of the stator iron core 2. 

The coolant coipponent.[havingjj reached the ventilating 
ducts 5 (communicated t^^the ventilating passages 18a and 
18c flows in the ventilating ducts 5 from the inner 
peripheral side to the outer peripheral side of the stator 
iron core 2, that is, to the ventilating passages 18a and 
18cj while cooling the inside of the stato^^iron^^ 2 and 
stator coils 4. The coolant component (Eavin^j^ reached the 
ventilating passages 18a and 18c cools the outer peripheral 
side of the stator iron core and flows from the 
ventilating passages 18a and 18c to the cooler 28a via the 
ventilating passage 21. The coolant component (^aving]^^^^^^^-"^ 
reached the cooler 28a is cooled by the cooler 28a[,j and ^ - 
flows from the cooler 28a to the suction side of the fan 13 
via a ventilating passage 25. 

The coolant component branched onto the ventilating 
passage 23 side flows radially in the ventilating passage 
23 to the ventilating passages 20 and 31^ while cooling the 
end portion of the stator iron core 2 and the coil end 
portions of the stator coils 4. The coolant component 
(havingji^reached the ventilating passage 20 flows axially in 
the ventilating passage 20 to the cooler 28c. The coolant 
component (havingjji reached the cooler 28c is cooled by the 
cooler 2 8cJ7j and flows from the cooler 28c to the 
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ventilating passage 18d. The coolant component jhaving^; 
reached the ventilating passage 18d cools the outer 
peripheral side of the stator iron core 2[,J and flows in the 
ventilating passage. 18d to the ventilating duct 5 
jcommunicated to|/i^the ventilating passage 18d. 

The coolaiit corimonentjt^^vingj reached the ventilating 
duct S^^ommunicated to) the ventilating passage 18d flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, that 
is, to the air gap 6j while cooling the inside of the stator 
iron core 2 and the stator coils 4. The coolant component 
^^vin^^ reached the air gap 6 flows axially iji^^^e air gap 6 
to the ventilating ducts 5 ^ommunicated tojj^the ventilating 
passages 18a and 18c while cooling the inner peripheral ' . 
side of^the stator iron core 2. The coolant component ja 
^vingjl^reached the ventilating ducts 5 jcommunicated toj|the 
ventilating passages 18a and 18c flows in the ventilating 
ducts 5 together with the above-described coolant component 
(having|J|been branched from the discharge side of the fan 13 



onto the air gap 6 side. 



The coolant component ^aving||reached the ventilating 
passage 31 flows axially in the ventilatina passage 31 to 
the cooler 28b. The coolant componentj^^aving^ reached the 
cooler 28b is cooled by the cooler 28bQ and flows from the 
cooler 28b to the ventilating passage 18b. The coolant 
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component ^avingjj reached the ventilating passage 18b cooli 
the outer peripheral side of the stator^/ioi^ core 2[J and 



flows in the ventilating nassage 18b to the ventilating 
duct 5 [communicated to^the v^n^ti^^^^^ passage 18b. 

The coolant componeni; [having^jreached the ventilating 
duct 5 {communicated to[|the ventilating passage 18b flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, that 
is, to the air gap 6^ while cooling the inside of the stator 
iron core 2 and the stator coils 4. The coolant component 
[having preached the air gap 6 flows axially in ±he air gap 6 
to the ventilating ducts 5 ^nmiunicated t^j(the ventilating 
passages 18a and 18cjwhile cooling the inner peripheral 
side of the stator iron core 2. The coolant component .A 
(havingj^reached the ventilating ducts 5 (communicated to^the 
ventilating passages 18a and 18c flows in the ventilating 
ducts 5 together with the above-described coolant component 
^avin^^been branched from the discharge side of the fan 13 
onto the air gap 6 side. 

According to this embodiment , part of the coolant 
cooled by the cooler 28a (or 28e) and boosted by the fan 13 
is branched; andj the coolant component thus branched is 
cooled by the cooler 28c, being introduced to the 
ventilating passage 18d positioned at the central portion 
(±n the axial direction^ of the stator iron core 2 , and is 
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allowed to flow from the outer peripheral side to the inner 
peripheral side of the stator iron core 2. Accordingly, it 

^ __ _ ^ ant ^sufficiently cooled by 

the coolerjjto the central portion (in the axial direction] of 
the stator iron core 2, 

As a result , according to this embodiment , the 
central portion ^^^±n the axial directio^ of the stator iron 
core 2^ at which the temperature of the supplied coolant 
tends to become highest and the amount of the supplied 
coolant tends to become smallest^ can be cooled by the 
coolant^ sufficiently cooled by the cooler, so that it is 
possible to suppress local heat generation in the air gap 6, 
and hence to level the axial temperature rise distribution 
in the generator. ' - , 

(Fifth Embodiment) 

Fig, 9 shows a configuration of a turbine generator 
according to a fifth embodiment. This embodiment is an 
(^example improved fromjj^the first embodiment, which is 
effective (Jo)|ithe case where the axial length of a stator 
iron core 2 becomes longer. In this embodiment, the axial 
interval be tweeny adjacent ^wo of thej ventilating ducts 5 
provided in the stator iron core 2 is set at a large value 
in a first ventilating circuit 2^^ and is set at a small 
value in each of second and third ventilating circuits 30 
and 31, which ^.sjj^larger in ventilating distance and thermal 



t 

load than the first ventilating circuit 29. The (otherj^ 

configuration is the same as that of the first embodiment, 

a 

and therefore, (the overlappe^j(description thereof is 
omitted. 

According to this embodiment, since the axial 
interval between/^adjacent ^^two of the] ventilating ducts 5 
differs among the ventilating circuits 29, 30 and 31, it is 
possible to [make smaller)j|the amount of [ajcoolant flo^_ng in 
the first ventilating circuit 29twhich is close to ^^^^ fan 13. 
and thereby porter in)^ ventilating distance and ^make larger)^ 
the amount of (the^ coolant flowing in each of the second and 
third ventilating circuits 30 and 31^ which (i^/ distant from 
a fan 13 and thereby longer in ventilating distance, and 
hence to improve the effect of cooling the central portion 

(in the axial direction^ of the stator iron core 2 and its 
neighborhood . 

Further, in this embodiment, since the axial 
internal betweenj^ [the) adjacent |^wo of thej ventilating ducts 
5 differs among the ventilating circuits, it is possible to 
increase the cooling area of the central portion (In the] 

^axial direction) of the stator iron core 2 and its 
neighborhood by [making smal^jthe exposed area of the stator 
iron core 2 and stator coils 4 in the first ventilating 
circuit 29jwhich ^s)^ small ^n) thermal load^ and (making largej^ 
the exposed area of the stator iron core 2 and the stator 
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coils 4 in each of the second and third ventilating 
circuits 20 and 31^ which ^ large Q_nj ventilating distance 
and thermal load, and hence to further improve the effect 
of cooling the central portion l±n the axial direction] of 
the Stat or iron core 2 and its neighborhood. 

It should be noted that this embodiment has been 
described as ^he example improved fromjj^the first 
embodiment; however, the configuration of this embodiment 
may be applied to the other embodiments^. 
{ Sixth Embodiment ) 

Figs. 10 to 12 show a configuration of a turbine 
generator according to a sixth embodiment. This embodiment 
is a variation of the first embodiment, in which the 
coolers 28 and the ventilating passages 20 and 21 prdvid^^d 
in the lower portion of the generator in the first 
embodiment are provided in both a front portion (front 
surface side) and a rear portion (back surface side) of the 
generator- The coolers placed in the vertical direction 
are aligned in a row in the axial direction on the front 
and back surfaces of the generator in such a manner as to 
project therefrom. 

A cooler 28a provided in a ventilating passage 18a, 
a cooler 28c provided in a ventilating passage 18c, a 
cooler 28e provided in a ventilating passage 18e, and a 
cooler 28g provided in a ventilating passage 18g are 
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arranged on the front portion of the generator in such a 
manner as to be right-left symmetrical with respect to a J^ 
center line 14. A ventilating passage 21 ^ommunicated tojj^ 
the ventilating passages 18a, 18c, 18e, and 18g is provided 
in the front portion of the generator. 

A cooler 28b provided in a ventilating passage 18b, 
a cooler 28d provided in a ventilating passage 18d, and a 
cooler 28f provided in a ventilating passage 18f are 
arranged on the rear portion of the generator in such a 



manner as to be right -left symmetrical with respect to the 



3^1 

center line 14. A ventilating passage 20 [communicated t^o)^ 



the ventilating passages 18b, 18d, and 18e is provided in 
the front portion of the generator. The ^th.e^ ^^^^^''^^^'^^-^ ^ 
configuration is the same as that of the first embodiment/ 
and therefore, ^Joverlappeg^description thereof is omitted. 

According to this embodiment, the coolers 28a, 28c, 
28e, and 28g are arranged on one side (front portion of the 
generator) of a space between a stator frame 1 and a stator 
iron core 2 jiopposed to each other with respect to a 
rotating shaft 9, and the coolers 28b, 28d, and 28f are 
arranged on the other side (rear portion of the generator) 
of the space. Accordingly, in the first, second, and third 
ventilating circuits 29, 30 and 31, a region in which a 
coolant flows from the inner peripheral side to the outer 
peripheral side of the stator iron core 2 and then passes 



through the coolers 28 can be formed In the front portion 
of the generator, and a region in which the coolant passes 
through the coolers 28 and then flows from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 2 can be formed in the rear portion of the 
generator. As a result, it is possible to eliminate the 
intersection of the ventilating passages in which the 
coolant flows, and hence to reduce the ventilating 
resistance of the coolant. This makes it possible to 
increase the amount of the coolant (sufficiently cooled) to 
be supplied to the central portion (of the axial directionj 
of the stator iron core 2 and its neighborhood, and hence 
to further improve the effect of cooling the central 
portion fin the axial direction^ of the stator iron core 2\ . 

In this embodiment, description has been made by way 
of the example in which the coolers are arranged in both 
the front and rear portions of the generator; however, the 
same effect can be obtained even by adopting an example in 
which the coolers are arranged in both the upper and lower 
portions of the generator . 
(Seventh Embodiment) 

Fig. 13 shows a configuration of a turbine generator 
according to a seventh embodiment. The turbine generator 
in this embodiment is of an open- type in which the inside 
of the generator is cooled by atmospheric air sucked in the 
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generatoir. In the figure, reference numeral 50 designates 



a stator frame. A cylindrical stator iron core 51 is 
provided inside the stator frame 50. A plurality of slots, 
which continuously extend in the axial direction, are 
formed in an inner peripheral portion of the stator iron 
core 51 in such a manner as to extend in the peripheral 
direction. Stator coils 52 are enclosed in the slots. A 
plurality of ventilating ducts 53, which continuously 
extend in the radial direction, are formed in the stator 
iron core 51 in such a manner as to be spaced from each 
other at equal intervals in the axial direction. 

A rotor iron core 55 is provided on the inner 
peripheral side of the stator iron core 51 with an air gap 



core 51. A plurality of slots, which continuously extend 
in the axial direction, are formed in an outer peripheral 
portion of the rotor iron core 55 in such a manner as to 
extend in the peripheral direction, and rotor coils are 
enclosed in the slots. Cylindrical retaining rings 56 for 
pressing both ends of the rotor coils are provided at both 
ends of the rotor iron core 55. A rotating shaft 57 is 
provided integrally with the rotor iron core 55 in such a 
manner as to extend in the axial direction along the 
central axis of the rotor iron core 55 . 




rotor iron core 55 and the stator ^iroh- 



Annular end brackets 5 8 functioning as block members 
are provided at both axial ends of the stator frame 50. A 
bearing apparatus for rotatably supporting the rotating 
shaft 5 7 is provided on the inner peripheral side of each 
end bracket 58. A current collector for supplying [aj power 
to the rotor coils during rotation is provided at one end 
(outside the bearing apparatus) of the rotating shaft 57. 
A connecting portion connected to a turbinejas a (Rotating) ^^^^-^ 
source of the generator is formed at the other end (outside 
the bearing apparatus) of the rotating shaft 57. 

Fans 59 for boosting a coolant sucked in the 
generator and circulating it in the generator are provided 
at both ends (inside the bearing apparatuses) of the 
rotating shaft 57. While the fans 59 are used as the' ' - , 
boosters for boosting [aj^coolant in this embodiment, other 
types of boosters may be used. The fans 59 provided at 
both (the) ends (outside the bearing apparatuses) of the 
rotating shaft 57 are right-left symmetrical with respect 
to a center line 60, The center line 60 is a bisector 
which crosses the rotating shaft 5^ at right angles at such 
a position as to equally divide (a)^ distance between the end 
brackets 58 into two right-left symmetric parts. 

An air suction hole 61 for sucking atmospheric air 
in the generator is provided on the inner peripheral side 
of each end bracket 58 in such a manner as to face fto^ the 
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fan 59. An air discharge hole 62 for discharging the 
atmospheric air (havingj^been sucked in the generator to the 
outside of the generator is provided on the outer 
peripheral side of each end bracket 58. 

Ventilating passages 63a to 6 3g, which continuously 
extend in the peripheral direction, are provided between 
the stator frame 50 and the stator iron core 51 in parallel 
(t^^each other in the axial direction. The ventilating 
passages 63a to 63g are formed by a plurality of annular 
partition plates 64 for partitioning a space between the 
stator frame 50 and the stator iron core 51 in the axial 
direction, the inner surface of the stator frame 50, and 
the outer peripheral surface pf the stator iron core 51, 
and are Communicated to^the ventilating ducts 53. The ~ - 
ventilating passages 63a to 63g are right-left symmetrical 
with respect to the center line 60. 

Ventilating passages 65 and 66, which continuously 
extend in the radial direction, are provided between the 
stator iron core 51 and the end bracket 58, The 
ventilating passages 65 and 66 are right -left symmetrical 
with respect to the center line 60. Ventilating passages 
67 and 68, which [communicate];^the air suction holes 61 ^o) ^^^''^^ 
the fans 59 and continuously extend in the axial direction, 
are provided between the end brackets 58 and the fans 59. 
The ventilating passages 67 and 68 are formed by 
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partitioning spaces between the stator iron core 51 and the 
end brackets 58 by means of cylindrical partitioning plates 
69, and are right-left symmetrical with respect to the 
center line 60. 

A ventilating passage 70, which ^ommunicates|j[ the 
ventilating passages 65 and 66 to the ventilating passages 
63b, 63d and 63f and continuously extends in the axial 
direction, is provided in the lower portion of the ^ 
generator. A ventilating passage 71, which ^ommunicatesj j 
the air discharge holes 62 to the ventilating passages 63a, 
63c, 63e and 63g and continuously extends in the axial 
direction, is also provided in the lower portion of the 

generator. (Lc. 

Coolers 7 2 for cooling the coolant (having^ been' 
sucked from the outside of the generator are provided in 
the ventilating passages 63b, 63d and 63f . The coolers 72a 
to 72c are arranged in a lower portion of the generator in 
such a manner as to be aligned in a row in the axial 
direction. It should be noted that the coolers 72a to 72c 
may be arranged in an upper portion of the generator. The 
coolers 72a to 72c are right-left symmetrical with respect 
to the center line 60. A pipe line for supplying cooling 
water and a pipe line for discharging the cooling water are 
connected to each of the coolers 72a to 72c. The coolers 
72a to 72c are identical to each other in terms of cooling 
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capacity. 

A plurality of ventilating circuits including the 
above-described ventilating passages are formed in the 
generator. A first ventilating circuit 73, a second 
ventilating circuit 74, and a third ventilating circuit 75 
are formed on one side (left side in Fig. 13) ^rom)/the 
center line 60, and^ similarly^ three ventilating circuits 



are 



formed on the other side (right side in Fig. 13) (from)^-^ 



the center line 60. The three ventilating circuits formed 
on the one side (froi^)the center line 60 are right -left 
symmetrical to the three ventilating circuits formed on the 
other side ^romjjlhe center line 60. Further, the flow of [a) 
coolant and the temperature rise characteristic on the one 
side ^omjjlhe center line 60 are right -left symmetrical to ^ 
those on the other side ^rom)ji:he center line 60. Therefore, 
the configuration of the ventilating circuits and the flow 
of fa) coolant j\ on the one side (fromj^the center line 60 will 
be described below. 

The first ventilating circuit 73 is an open loop 
shown by a solid arrow in Fig. 13, which extends from the 
air suction hole 61 to the fan 59 via the ventilating 
passage 67, and further extends from the fan 59 to the air 
discharge hole 62 via the air gap 54, ventilating duct 53, 
ventilating passage 63a, and ventilating passage 71. 
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The second ventilating circuit 74 is an open loop 
shown by a dotted arrow in Fig. 13, which extends from the 
air suction hole 61 to the fan 59 via the ventilating 
passage 67, further extending from the fan 59 t^^he cooler 
72a via the ventilating passages 65 and 70, and^ extends 
from the cooler 72a to the air discharge hole 6 2 via the 
ventilating passage 63b, ventilating duct 53, air gap 54, 
ventilating duct 53, and ventilating passages 63c and 71, 

The third ventilating circuit 7 5 is an open loop 
shown by a dotted arrow in Fig. 13, which extends from the 
air suction hole 61 to the fan 59 via the ventilating 
passage 67, further extending from the fan 59 to the cooler 
72b via the ventilating passages 65 and 70, and j extends 
from the cooler 72b to the air discharge hole 62 via 'the' - 
ventilating passage 63d, ventilating duct 53, air gap 54, 
ventilating duct 53, and ventilating passages 63c and 71, 

The flow of [a) coolant will be described below. First 
atmospheric air, which is sucked from the air suction hole 
61 into the generator by rotation of the fan 59, reaches 
the air suction side of the fan 59 via the ventilating 
passage 67. The atmospheric air is boosted by the fan 59, 
and is allowed to flow from the discharge side of the fan 
59 to respective ventilating circuits. 

In the first ventilating circuit 73, the atmospheric 
air boosted by the fan 59 flows axially in the air gap 54 



to ttie ventilating duct 53 |communicated to]) tine ventilating 



passage 63a while cooling the inner peripheral side of the 
stator iron core 51. The atmospheric air [having]| reached 
the ventilating duct 5 3j( Communicated to) the ventilating 
passage 63a flows in the ventilating duct 53 from the inner 
peripheral side to the outer peripheral side of the stator 
iron core 51, that is, to the ventilating passage 63a^ while 
cooling the inside of the stator iron core 51 and the 
stator coils 52. The atmospheric air^^having^ reached the 
ventilating passage 18a cools the outer peripheral side of 
the stator iron core 5lQ and flows from the ventilating 
passage 18a to the air discharge hole 6 2 via the 
ventilating passage 71. 

In the second ventilating circuit 74, the ' - 

atmospheric air boosted by the fan 59 flows radially in the 
ventilating passage 65 to the ventilating passage 70^ while 
cooling the end portion of the stator iron core 51 and the 
coil end portions of the stator coils 52, The atmospheric 
air (havingj^reached the ventilating passage 70 flows axially 
in the ventilating passage 70 to the cooler 72a. The 
atmospheric air (having^reached the cooler 72a is cooled by 
the cooler 72a£^jand flows in the ventilating passage 63b in 
the peripheral directionj^ while cooling the outer peripheral 
side of the stator iron core 31^ and reaches the ventilating 
duct 53 (communicated to]|the ventilating passage 63b. 
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The atmospheric axr^(liav±ng\ reached ^o) the 
ventilating duct 53j^^ominunicated toj the ventilating passage 
63b flows in the ventilating duct 53 from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 51, that is, to the air gap 54j while cooling the 
inside of the stator .i^^on core 51 and the stator coils 52. 
The atmospheric air^^havingj reached the air gap 5 4 flows 
axially in the air .gap 54 to the ventilating duct 53 
[communicated to]^the ventilating passage 63cj while cooling 
the inner peripheral side of the stator iron core 51. 

The atmospheric air^^aving reached the ventilating 
duct 53 (communicated to) )[the ventilating passage 63c flows 
in the ventilating duct 53 from the inner peripheral side 
to the outer peripheral side of the stator iron core '51,' - 
that is, to the ventilating passage 63c^ while cooling the 
inside of the stator i^^on core 51 and the stator coils 52. 
The atmospheric air (having|jpreached the ventilating passage 
6 3c cools the outer peripheral side of the stator iron core 
5lQ and flows from the ventilating passage 63c to the air 
discharge hole 62 via the ventilating passage 71. 

In the third ventilating circuit 75, the atmospheric 
air boosted by the fan 59 flows in the ventilating passage 
65 to the ventilating passage 70 while cooling the end 
portion of the stator iron core 51 and the coil end 
portions of the stator coils 52. The atmospheric air 



- 48 - 

jh.avingjj reached the ventilating passage 70 flows axially in 
the ventilating passage 70 to the cooler 72b. The 
atmospheric air (h^vingj reached the cooler 72b is cooled by 
the cooler 72bQ and flows in the ventilating passage 63d in 
the peripheral direct ion^^ while cooling the outer peripheral 
side of the stator ifon core 51 and reaches the ventilating 
duct 53 Gommunicated tojjithe ventilating passage 63d- 

The atmospheric air ^^avinglireached the ventilating 
duct 53 Communicated to)j|the ventilating passage 63d flows 
in the ventilating duct 53 from the outer peripheral side 
to the inner peripheral side of the stator iron core 51, 
that is, to the air gap 54^ while cooling the inside of the 
stator iron core 51 >and the stator coils 52. The 
atmospheric air ^Qiavingj reached the air gap 54 flows axiaU 



in the air gap 54 to the ventilating duct 53 ^ommunicated]|^ 
\to) the ventilating passage 63ci^ while cooling the inner 
peripheral side of the stator iron^core 51. 

The atmospheric a^^ QiavingUreached the ventilating 
duct 53 [communicated to^the ventilating passage 63c flows 
in the ventilating duct 53 from the inner peripheral side 
to the outer peripheral side of the stator iron core 51, 
that is, to the ventilating passage 63Cj while cooling the 
inside of the stator iron core 51 and the stator coils 52. 
The atmospheric air (having^reached the ventilating passage 
63c cools the outer peripheral side of the stator iron core 
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5l|^J and flows from tlie ventilating passage 63c to the air 

discharge hole 62 via the ventilating passage 71, 

r- ^ 

According to (rhisjj embodiment configured as described 
above, the atmospheric air sucked from the outside of the 
generator and boosted by the fan 59 is introduced to the 
ventilating passage 63d positioned at the central portion 
(in the axial direction^ of the stator iron core 51, being 
cooled by the cooler 72b, and is allowed to flow from the 
outer peripheral side to the inner peripheral side of the 
stator iron core 51, so that it is possible to supply the 
atmospheric air ^ sufficiently cooled^ to the central portion 
\±n the axial direction] of the stator iron core 51, 

Accordingly, the central portion (±n the axia^ 
^irectionj of the stator iron core 51j at which the ' ' - 
temperature of the supplied atmospheric air tends to become 
highest and the amount of the supplied atmospheric air 
tenjds^^^o become smallest^ can be cooled by the atmospheric 
airj^suf f iciently cooled by the cooler, and thereby^ local 
heat generation in the air gap 54 can be suppressed. This 
makes it possible to level the axial temperature rise 
distribution in the generator and hence to suppress the 
thermal oscillation stroke of the rotor. 
(Eighth Embodiment) 

Fig. 14 shows a configuration of a turbine generator 
according to an eighth embodiment . This embodiment is a 
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variation of the seventh embodiment. The turbine generator 
in this embodiment is of an open type like the seventh 
embodiment. In this embodiment, coolers 72a and 72b are 
provided at both ends of a ventilating passage 70 in such a 
manner as to be right -left symmetrical with respect to a 
center line 60. The (otherJ/\conf iguration is the same as 
that of the seventh embodiment, and therefore, fth^ 
[oyerlapped))description thereof is omitted. 

Even in this embodiment, the same effect can be 
obtained by providing the same ventilating circuits and 
flow of atmospheric air as those in the seventh embodiment, 
and further, since the number of the coolers is reduced by 
one, it is possible to simplify the configuration of the 
generator and hence to reduce the cost of the generator.' - 

(industrial ApplicabilityJ a ^ 

The present invention is j^f f ectivej^to a rotating 
electric machine in which coolers for cooling a coolant 
such as air or hydrogen gas are provided- In particular, 
the present invention is (ef f ectivej;) to a rotating electric 
machine using air_ as a coolant, that is, an air-cooled 
generator, and^|is allowed toj increase /the capacity of a 
generator, for example, of a hydrogen -cooled type. 
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ROTATING ELECTRIC MACHINE AND COOLING METHOD, 




Technical Field 



The present invention relates to a rotating electric 
machine in which a cooler for cooling a coolant is provided, 
and a cooling method thereof . 

Background Art 

A rotating electric machine in which a cooler for 
cooling a coolant is provided has been known, for example, 
from Japanese Patent Laid-open Nos * Hei 7-177705 and Hei 
10-146022. The rotating electric machine described in 
these documents is configured such that a space between a 
stator frame and a stator iron core is partitioned into a 
low temperature gas chamber in which a coolant at a low 
temperature is supplied and a high temperature gas chamber 
in which the heated coolant flows, and a plurality of 
coolers distributed in the axial direction are provided in 
a foundation pit under the rotating electric machine, 
wherein the coolant cooled by the plurality of coolers and 
boosted by a ventilating fan is introduced to heat sources 
such as an iron core and coils via the low temperature gas 
chamber and the coolant having been used for cooling the 



- 2 - 



heat sources is introduced to the coolers via the high 
temperature gas chamber . 

The above -described rotating electric machine, 
however, has a problem. Since the coolant having passed 
through one or two or more of the heat sources is 
introduced to a central portion in the axial direction of 
the iron core, the temperature of the coolant is raised 
before the coolant reaches the central portion in the axial 
direction of the iron core. Accordingly, for the above - 
described rotating electric machine, if a thermal load 
generated from the heat sources such as the iron core and 
coils becomes large with an increase in generation capacity 
or in loss density, the cooling effect of the coolant 
introduced to the central portion in the axial direction of 
the iron core is significantly degraded. As a result, the 
above-described rotating electric machine has a possibility 
that local heat generation occurs in a gap between the 
stator iron core and a rotor iron core, to increase the 
thermal oscillation stroke of the rotor due to uneven 
thermal expansion of the rotor in the axial direction. 

To solve the above -described problem, there may be 
considered a method of increasing the amount of the coolant 
or optimizing the distribution of the amounts of the 
coolant components supplied to respective ventilating 
passages by adjusting the ventilating resistance; however. 



O 111 ^ "7 B Oi'"'?: 3; :i iiji iJ! 

- 3 - 

according to the former method, the ventilation loss of the 
coolant caused upon boosting the coolant by the fan becomes 
larger, to increase the total loss in coolant; and 
according to the latter method, since the ventilation 
resistance must be adjusted while the desired electric and 
mechanical characteristics are satisfied in the limited 
space, it is difficult to optimize the distribution of the 
coolant components supplied to the respective ventilating 
passages • 

Disclosure of Invention 

An object of the present invention is to provide a 
rotating electric machine capable of leveling the axial 
temperature rise distribution in the machine, and a cooling 
method thereof. 

The basic feature of the present invention is to 
supply a coolant sufficiently cooled to a central portion 
in the axial direction of an iron core which is most 
distant from both axial ends of the iron core. To realize 
the feature of the present invention, a plurality of 
ventilating passages, which continuously extend in the 
peripheral direction, are provided in the axial direction 
between a stator frame and a stator iron core, and coolers 
are provided in at least those, communicated to the central 
portion in the axial direction of the iron core, of the 
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plurality of ventilating passages formed in the axial 
direction, wherein the coolant boosted by a booster is 
cooled by the coolers and is allowed to flow to the central 
portion in the axial direction of the iron core in the 
direction from the outer peripheral side to the inner 
peripheral side of the iron core via the ventilating 
passages communicated to the central portion in the axial 
direction of the iron core. 

If the ventilating passages of even numbers are 
provided, two to four of the ventilating passages, which 
are located on the central side, constitute the ventilating 
passages communicated to the central portion in the axial 
direction of the iron core. If the ventilating passages of 
odd numbers are provided, one to three of the ventilating 
passages, which are located on the central side, constitute 
the ventilating passages communicated to the central 
portion in the axial direction of the iron core. The 
number of the ventilating passages is dependent on the 
capacity of the rotating electric machine. For example, 
for a generator having a generation capacity of 100 MW 
class, at least three ventilating passages are provided, 
and for a generator having a generation capacity of 350 MW 
class or more, ventilating passages of the number of 7 to 
10 or more are provided. 



cr^^:3i'5;; Oi-^-n s^i f"i; o 75; ni o cj 

- 5 - 

According to the above feature of the present 
invention, there can be obtained an effect of leveling the 
axial temperature rise distribution in the machine. In 
particular, the above feature is effective to a rotating 
electric machine in which the axial length is long and air 
is used as a coolant, for example, an air-cooled generator 
having a large capacity. Air which is larger in viscosity 
than hydrogen exhibits a high ventilating resistance upon 
flowing in the generator, to thereby cause the temperature 
rise. The longer the ventilating distance of air, the 
larger the ventilating resistance. As a result, for a 
generator being longer in axial length and larger in 
capacity, the temperature rise of air becomes significantly 
larger, and the amount of the air supplied to the central 
portion in the axial direction of an iron core becomes 
smaller . 

Accordingly, a small amount of air whose temperature 
is raised is supplied to the central portion in the axial 
direction of the iron core which is most distant from both 
the axial ends of the iron core, with a result that there 
occurs a difference in temperature between each of the 
axial ends of the iron core and the central portion in the 
axial direction of the iron core. According to the present 
invention capable of supplying a coolant sufficiently 
cooled to the central portion in the axial direction of the 
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iron core, however, it is possible to suppress the 
temperature rise of the central portion in the axial 
direction of the iron core at an allowable value or less, 
and hence to level the axial temperature rise distribution 
in the machine . 

The leveling of the axial temperature rise 
distribution in the machine means that the temperature rise 
of the central portion in the axial direction of the iron 
core is suppressed at an allowable value or less, to reduce 
the difference in temperature between each of the axial 
ends of the iron core and the central portion in the axial 
direction of the iron core. Accordingly, there is any 
variation in the axial temperature rise distribution in the 
machine . 

Brief Description of Drawings 

Figc 1 is a perspective view, with parts partially 
cutaway, showing the external appearance and inner 
configuration of a turbine generator according to a first 
embodiment of the present invention; 

Fig. 2 is a plan view, seen in the direction shown 
by an arrow II of Fig. 1, showing the external 
configuration of the turbine generator; 

Fig. 3 is a plan view, seen in the direction shown 
by an arrow III of Fig. 2, showing the external 
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configuration of the turbine generator; 

Fig, 4 is a sectional view taken on line IV- IV of 
Fig. 1, showing the inner structure of a portion, 
positioned under a rotating shaft, of the turbine 
generator; 

Fig. 5 is a perspective view showing the external 
configuration of a turbine generator according to a second 
embodiment of the present invention; 

Fig. 6 is a sectional view taken on line VI -VI of 
Fig. 5, showing the inner structure of a portion, 
positioned over a rotating shaft, of the turbine generator; 

Fig. 7 is a sectional view showing the inner 
structure of a portion, positioned over a rotating shaft, 
of a turbine generator according to a third embodiment; 

Fig. 8 is a sectional view showing the inner 
structure of a portion, positioned over a rotating shaft, 
of a turbine generator according to a fourth embodiment of 
the present invention; 

Fig. 9 is a sectional view showing the inner 
structure of a portion, positioned under a rotating shaft, 
of a turbine generator according to a fifth embodiment of 
the present invention; 

Fig. 10 is a front view showing the external 
configuration of a turbine generator according to a sixth 
embodiment of the present invention; 
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Fig. 11 is a side view, seen in the direction shown 
by an arrow XI of Fig. 10, showing the external 
configuration of the turbine generator; 

Fig. 12 is a sectional top view taken on line XII- 
XII of Fig. 11, showing the inner configuration of the 
turbine generator ; 

Fig. 13 is a sectional view showing the inner 
configuration of a portion, positioned under a rotating 
shaft, of a turbine generator according to a seventh 
embodiment of the present invention; and 

Fig. 14 is a sectional view showing the inner 
configuration of a portion, positioned under a rotating 
shaft, of a turbine generator according to an eighth 
embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, embodiments of the present invention 
will be described with reference to the drawings . 
( First Embodiment ) 

Figs. 1 to 4 show a configuration of a turbine 
generator according to a first embodiment of the present 
invention. The turbine generator in this embodiment is of 
an enclosed type (or a full-closed type) in which the 
inside of the generator is cooled with a coolant enclosed 
in the generator. In these figures, reference numeral 1 
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designates a stator frame. A cylindrical stator iron core 
2 is provided inside the stator frame 1 . A plurality of 
slots 3, which continuously extend in the axial direction, 
are formed in an inner peripheral portion of the stator 
iron core 2 in such a manner as to extend in the peripheral 
direction. Stator coils 4 are enclosed in the slots 3* A 
plurality of ventilating ducts 5, which continuously extend 
in the radial direction, are formed in the stator iron core 
2 in such a manner as to be spaced from each other at equal 
intervals in the axial direction. 

A rotor iron core 7 is provided on the inner 
peripheral side of the stator iron core 2 with an air gap 6 
put between the rotor iron core 7 and the stator iron core 
2. A plurality of slots (not shown), which continuously 
extend in the axial direction, are formed in an outer 
peripheral portion of the rotor iron core 7 in such a 
manner as to extend in the peripheral direction. Rotor 
coils (not shown) are enclosed in the slots of the rotor 
iron core 7. Cylindrical retaining rings 8 for pressing 
both ends of the rotor coils are provided at both ends of 
the rotor iron core 7. A rotating shaft 9 is provided 
integrally with the rotor iron core 7 in such a manner as 
to extend in the axial direction along the central axis of 
the rotor iron core 7 . 
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Annular end brackets 10 functioning as block members 
are provided at both axial ends of the stator frame 1. A 
bearing apparatus 11 for rotatably supporting the rotating 
shaft 9 is provided on the inner peripheral side of each 
end bracket 10. A current collector 12 for supplying a 
power to the rotor coils during rotation is provided at one 
end (outside the bearing apparatus 11) of the rotating 
shaft 9. The current collector 12 is configured to 
electrically connect the stator side to the rotor side by 
bringing carbon brushes into press -contact with a current - 
collecting ring provided at the one end (outside the 
bearing apparatus 11) of the rotating shaft 9. A 
connecting portion connected to a turbine as a rotating 
source of the generator is formed at the other end (outside 
the bearing apparatus 11) of the rotating shaft 9. 

Fans 13 for boosting a coolant enclosed in the 
generator and circulating it in the generator are provided 
at both ends (inside the bearing apparatuses 11) of the 
rotating shaft 9. While the fans 13 are used as the 
boosters for boosting a coolant in this embodiment, other 
types of boosters may be used. The fans 13 provided at 
both the ends (outside the bearing apparatuses 11) of the 
rotating shaft 9 are right-left symmetrical with respect to 
a center line 14. The center line 14 is a bisector which 
crosses the rotating shaft 9 at right angles at such a 
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position as to equally divide a distance between the end 
brackets 10 into two right-left symmetric parts. 

Terminals 15 for three-phases are provided on the 
upper surface of the stator frame 1 in such a manner as to 
project upwardly therefrom. The terminals 15 are used for 
taking a generated power out of the stator coils 4 
electrically connected to the terminals 15. Hoisting 
accessories 16 are provided on the front surface of the 
stator frame 1 at two positions and on the back surface 
thereof at two positions. For example, when installed in a 
foundation pit 17, the generator main body is hoisted by a 
crane via wires fastened to the hoisting accessories 16. 

Ventilating passages 18a to 18g, which continuously 
extend in the peripheral direction, are provided between 
the stator frame 1 and the stator iron core 2 in parallel 
to each other in the axial direction. The ventilating 
passages 18a to 18g are formed by a plurality of annular 
partition plates 19 for partitioning a space between the 
stator frame 1 and the stator iron core 2 in the axial 
direction, the inner surface of the stator frame 1, and the 
outer peripheral surface of the stator iron core 2 , and are 
communicated to the ventilating ducts 5. The ventilating 
passages 18a to 18g are right-left symmetrical with respect 
to the center line 14. 
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Ventilating ducts 22a to 22c, extending in the axial 
direction, are provided on the back surface of the stator 
frame 1 in parallel to each other in the direction 
perpendicular to the axial direction. The ventilating 
ducts 22a and 20c form ventilating passages 20 continuously 
extending in the axial direction. The ventilating passages 
20 are communicated to the ventilating passages 18b, 18d, 
and IBf . The ventilating duct 22b forms a ventilating 
passage 21 continuously extending in the axial direction. 
The ventilating passage 21 is communicated to the 
ventilating passages 18a, 18c, 18e, and 18g. 

Ventilating passages 23 to 26, which continuously 
extend in the radial direction, are provided between the 
stator iron core 2 and the end brackets 10. The 
ventilating passages 23 to 26 are formed by partitioning a 
space between the stator iron core 2 and the end bracket 10 
by annular partitioning planes 2 7 facing to the outer 
peripheral side of the fan 13. The ventilating passages 23 
and 24, each of which communicates the discharge side of 
the fan 13 to the ventilating passage 20, are right-left 
symmetrical with respect to the center line 14. The 
ventilating passages 25 and 26, each of which communicates 
the suction side of the fan 13 to the ventilating passage 
21, are right -left symmetrical with respect to the center 
line 14. 
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Each of the ventilating passages 18a to 18g is 
provided with a cooler 28 for cooling a coolant enclosed in 
the generator. The coolers 28a to 28g are arranged under 
the generator in such a manner as to be aligned in a row in 
the axial direction. It should be noted that the coolers 
28a to 28g may be arranged on the upper portion of the 
generator. The coolers 28a to 28g are right-left 
symmetrical with respect to the center line 14. A pipe 
line 29 for supplying cooling water and a pile line 30 for 
discharging cooling water are connected to each of the 
coolers 28a to 28g. The coolers 28a to 28g are identical 
to each other in cooling capacity, but are different from 
each other in external size depending on the size of the 
ventilating passage 18 on which the cooler is provided. In 
this embodiment, since the axial width of each of the 
ventilating passages 18b and 18f is smaller than that of 
each of the remaining ventilating passages, the axial width 
of each of the coolers 28b and 28f is made smaller than 
that of each of the remaining coolers . 

A plurality of ventilating circuits configured by 
the above-described ventilating passages, etc. are formed 
in the generator. A first ventilating circuit 29, a second 
ventilating circuit 30, and a third ventilating circuit 31 
are formed on one side (left side in Fig. 4) from the 
center line 14, and similarly three ventilating circuits 
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are formed on the other side (right side in Fig. 4) from 
the center line 14. The three ventilating circuits formed 
on the one side from the center line 14 are right -left 
symmetrical to the three ventilating circuits formed on the 
other side from the center line 14. Further, the flow of a 
coolant and the temperature rise characteristic on the one 
side from the center line 14 are right -left symmetrical to 
those on the other side from the center line 14. Therefore, 
the configuration of the ventilating circuits and the flow 
of a coolant on the one side from the center line 14 will 
be described below. 

The first ventilating circuit 29 is a closed loop 
designated by a solid arrow in Fig. 4, which extends from 
the discharge side of the fan 13 to the ventilating duct 5 
via the air gap 6, further extending from the ventilating 
duct 5 to the cooler 28a via the ventilating passage 18a, 
and extends from the cooler 28a to the suction side of the 
fan 13 via the ventilating passages 21 and 25. In the 
first ventilating circuit 29, heat sources giving heat to 
the ventilating passages 18a, air gap 6 and ventilating 
duct 5 are connected in series to the cooler 28a. The heat 
source giving heat to the air gap 6 and the ventilating 
passage 18a is the stator iron core 2 generating iron loss, 
and the heat sources giving heat to the ventilating duct 5 
are the stator iron core 2 generating iron loss and the 
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stator coils 4 generating copper loss. 

The second ventilating circuit 30 is a closed loop 
designated by a dotted arrow in Fig. 4, which extends from 
the discharge side of the fan 13 to the cooler 28b via the 
ventilating passage 23, further extending from the cooler 
28b to the cooler 28c via the ventilating passage 18b, 
ventilating duct 5, air gap 6, ventilating duct 5, and 
ventilating passage 18c, and extends from the cooler 28c to 
the suction side of the fan 13 via the ventilating passages 
21 and 25* In the second ventilating circuit 30, heat 
sources and the coolers are alternately arranged in series , 
and more specifically, the heat sources giving heat to the 
ventilating passage 23, the cooler 28b, the heat sources 
giving heat to the ventilating passages 18b and 18c, air 
gap 6 and ventilating duct 5, and the cooler 28c are 
arranged in this order. The heat source giving heat to the 
air gap 6 and ventilating passages 18b and 18c is the 
stator iron core 2 generating iron loss, and the heat 
sources giving heat to the ventilating duct 5 and the 
ventilating passage 23 are the stator iron core 2 
generating iron loss and the stator coils 4 generating 
copper loss . 

The third ventilating circuit 31 is a closed loop 
designated by a dotted arrow in Fig. 4, which extends from 
the discharge side of the fan 13 to the cooler 28d via the 
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ventilating passage 23, further extending from the cooler 
28d to the cooler 28c via the ventilating passage 18d, 
ventilating duct 5, air gap 6, ventilating duct 5, and 
ventilating passage 18c, and extends from the cooler 28c to 
the suction side of the fan 13 via the ventilating passages 
21 and 25. In the second ventilating circuit 30, heat 
sources and the coolers are alternately arranged in series, 
and more specifically, the heat sources giving heat to the 
ventilating passage 23, the cooler 28d, the heat sources 
giving heat to the ventilating passages 18d and 18c, air 
gap 6, and ventilating duct 5, and the cooler 2 8c are 
arranged in series in this order. The heat source giving 
heat to the air gap 6 and the ventilating passages 18d and 
18c is the stator iron core 2 generating iron loss, and the 
heat sources giving heat to the ventilating duct 5 and the 
ventilating passage 23 are the stator iron core 2 
generating iron loss and the stator coils 4 generating 
copper loss . 

The flow of the coolant will be described below. The 
coolant enclosed in the generator, which is boosted by 
rotation of the rotating shaft 9 , flows from the discharge 
side of the fan 13 to each ventilating circuit. In the 
ventilating circuit 29, the coolant boosted by the fan 13 
flows axially in the air gap 6 to the ventilating duct 5 
communicated to the ventilating passage 18a. The coolant 
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having reached the ventilating duct 5 communicated to the 
ventilating duct 18a flows in the ventilating duct 5 from 
the inner peripheral side to the outer peripheral side of 
the stator iron core 2, that is, to the ventilating passage 
18a while cooling the inside of the stator iron core 2 and 
the stator coils 4 . The coolant having reached the 
ventilating passage 18a cools the outer peripheral side of 
the stator iron core 2, and flows in the ventilating 
passage 18a to the cooler 28a. The coolant having reached 
the cooler 28a is cooled by the cooler 28a, and flows from 
the cooler 28a to the suction side of the fan 13 via the 
ventilating passages 21 and 25. 

In the second ventilating circuit 30, the coolant 
boosted by the fan 13 flows radially in the ventilating 
passage 23 to the ventilating passage 20 while cooling the 
end portion of the stator iron core 2 and the coil end 
portions of the stator coils 4 , The coolant having reached 
the ventilating passage 20 flows axially in the ventilating 
passage 20 to the cooler 28b. The coolant having reached 
the cooler 28b is cooled by the cooler 28b, and flows in 
the ventilating passage 18b in the peripheral direction 
while cooling the outer peripheral portion of the stator 
iron core 2 and reaches the ventilating duct 5 communicated 
to the ventilating passage 18b. The coolant having reached 
the ventilating duct 5 communicated to the ventilating 
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passage 18b flows in the ventilating duct 5 from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 2, that is, to the air gap 6 while cooling the 
inside of the stator iron core 2 and the stator coils 4. 

The coolant having reached the air gap 6 flows 
axially in the air gap 6 to the ventilating duct 5 
communicated to the ventilating passage 18c while cooling 
the inner peripheral side of the stator iron core 2. The 
coolant having reached the ventilating duct 5 communicated 
to the ventilating passage 18c flows in the ventilating 
duct 5 from the inner peripheral side to the outer 
peripheral side of the stator iron core 2, that is, to the 
ventilating passage 18c while cooling the inside of the 
stator iron core 2 and the stator coils 4 . The coolant 
having reached the ventilating passage 18c cools the outer 
peripheral side of the stator iron core 2, and flows in the 
ventilating passage 18c to the cooler 28c » The coolant 
having reached the cooler 28c is cooled by the cooler 28c, 
and flows from the cooler 28c to the suction side of the 
fan 13 via the ventilating passages 21 and 25. 

In the third ventilating circuit 31, the coolant 
boosted by the fan 13 flows radially in the ventilating 
passage 23 to the ventilating passage 20 while cooling the 
end portion of the stator iron core 2 and the coil end 
portions of the stator coils 4. The coolant having reached 



the ventilating passage 20 flows axially in the ventilating 
passage 20 to the cooler 28d. The coolant having reached 
the cooler 28d is cooled by the cooler 28d, and flows in 
the ventilating passage 18d in the peripheral direction 
while cooling the outer peripheral side of the stator iron 
core 2 and reaches the ventilating duct 5 communicated to 
the ventilating passage 18d. The coolant having reached 
the ventilating duct 5 communicated to the ventilating 
passage 18d flows in the ventilating duct 5 from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 2 , that is , to the air gap 6 while cooling the 
inside of the stator iron core 2 and the stator coils 4 . 

The coolant having reached the air gap 6 flows 
axially in the air gap to the ventilating duct 5 
communicated to the ventilating passage 18c while cooling 
the inner peripheral side of the stator iron core 2. The 
coolant having reached the ventilating duct 5 communicated 
to the ventilating passage 18c flows in the ventilating 
duct 5 from the inner peripheral side to the outer 
peripheral side of the stator iron core 2, that is, to the 
ventilating passage 18c while cooling the inside of the 
stator iron core 2 and the stator coils 4 . The coolant 
having reached the ventilating passage 18c cools the outer 
peripheral side of the stator iron core 2 , and flows in the 
ventilating passage 18c to the cooler 28c - The coolant 



- 20 - 



having reached the cooler 28c is cooled by the cooler 28c, 
and flows from the cooler 28c to the suction side of the 
fan 13 via the ventilating passages 21 and 25. 

According to this embodiment configured as described 
above, the coolant boosted by the fan 13 is introduced to 
the ventilating passage 18d positioned at the central 
portion in the axial direction of the stator iron core 2, 
being cooled by the cooler 28d, and is allowed to flow from 
the outer peripheral side to the inner peripheral side of 
the stator iron core 2, so that the coolant sufficiently 
cooled by the cooler can be supplied to the central portion 
in the axial direction of the stator iron core 2 . 

Accordingly, the central portion in the axial 
direction of the stator iron core 2 at which the 
temperature of the supplied coolant tends to become highest 
and the amount of the supplied coolant tends to become 
smallest can be cooled by the coolant sufficiently cooled 
by the cooler, and thereby local heat generation in the air 
gap 6 can be suppressed. This makes it possible to level 
the axial temperature rise distribution in the generator 
and hence to suppress the thermal oscillation stroke of the 
rotor . 

( Second Embodiment ) 

Figs. 5 and 6 show a configuration of a turbine 
generator according to a second embodiment. The turbine 



Ol U ^ 7 €ii 3 O 'S:S 



- 21 - 

generator in this embodiment is of an enclosed type (or a 
full-closed type) like the turbine generator in the first 
embodiment but is shorter in axial length (or smaller in 
generation capacity) than the turbine generator in the 
first embodiment. Further, the turbine generator in this 
embodiment is configured such that the coolers 28 and the 
ventilating passages 20 and 21 provided in the lower 
portion of the generator in the first embodiment are 
provided in an upper portion of the generator. 

Ventilating passages 18a to 18d, which continuously 
extend in the peripheral direction, are provided between a 
stator frame 1 and a stator iron core 2 in parallel to each 
other in the axial direction. The ventilating passages 18b 
and 18c are communicated to a ventilating passage 20, and 
the ventilating passages 18a and 18d are communicated to a 
ventilating passage 21. Coolers 28a and 28d are provided 
in the ventilating passage 21 in such a manner as to be 
right-left symmetrical with respect to a center line 14, 
and coolers 28b and 28c are provided in the ventilating 
passage 20 in such a manner as to be right -left symmetrical 
with respect to the center line 14. The coolers 28a to 28d 
are aligned in a row in the axial direction. 

The coolers 28b and 28c are smaller in size, that is 
cooling capacity than the coolers 28a and 28d. One reason 
for this is that the coolers 28b and 28c are used for 



- 22 - 



cooling part of a coolant having been cooled by the coolers 
28a and 28d, and therefore, it is sufficient for the 
coolers 28b and 28c to be smaller in cooling capacity than 
the coolers 28a and 28d. This is advantageous in terms of 
cooling efficiency. Another reason is that since the 
ventilating passage 20 in which the coolers 28b and 28c are 
provided is smaller than the ventilating passage 21 in 
which the coolers 28a and 28d are provided, the sizes of 
the coolers 28b and 28c must be made smaller those of the 
coolers 28a and 28d. It should be noted that the coolers 
28a to 28d may be arranged in the lower portion of the 
generator. 

The other configuration of this embodiment is the 
same as that of the first embodiment, and therefore, the 
overlapped description thereof is omitted- In addition, 
since the ventilating passages and coolers are respectively 
right-left symmetrical with respect to the center line 14, 
and also the flow of a coolant and the temperature rise 
characteristic are respectively right-left symmetrical with 
respect to the center line 14, the configuration on one 
side from the center line 14 will be described below . 

The flow of a coolant will be described below. When 
a fan 13 is rotated along with rotation of a rotating shaft 
9, a coolant enclosed in the generator is boosted, and is 
allowed to flow in respective ventilating passages. The 



coolant discharged on the discharge side of the fan 13 is 
branched into a component on a ventilating passage 2 3 side 
and the other component on an air gap 6 side. The coolant 
component branched on the air gap 6 side flows in an air 
gap 6 to a ventilating duct 5 communicated to the 
ventilating passage 18a while cooling the inner peripheral 
side of the stator iron core 2. 

The coolant component having reached the ventilating 
duct 5 communicated to the ventilating passage 18a flows in 
the ventilating duct 5 from the inner peripheral side to 
the outer peripheral side of the stator iron core 2, that 
is, to the ventilating passage 18a while cooling the inside 
of the stator iron core 2 and stator coils 4. The coolant 
component having reached the ventilating passage 18a cools 
the outer peripheral side of the stator iron core 2, and 
flows from the ventilating passage 18a to the cooler 28a 
via the ventilating passage 21. The coolant component 
having reached the cooler 28a is cooled by the cooler 28a, 
and flows from the cooler 28a to the suction side of the 
fan 13 via the ventilating passage 25. 

The coolant component branched on the ventilating 
passage 23 side flows radially in a ventilating passage 23 
to the ventilating passage 20 while cooling the end portion 
of the stator iron core 2 and the coil end portions of the 
stator coils 4 . The coolant component having reached the 
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ventilating passage 20 flows axially in the ventilating 
passage 20 to the cooler 28b. The coolant component having 
reached the cooler 28b is cooled by the cooler 28b, and 
flows from the cooler 28b to the ventilating passage 18b- 
The coolant component having reached the ventilating 
passage 18b cools the outer peripheral side of the stator 
iron core 2, and flows in the ventilating passage 18b to 
the ventilating duct 5 communicated to the ventilating 
passage 18b . 

The coolant component having reached the ventilating 
duct 5 communicated to the ventilating passage 18b flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, that 
is, to the air gap 6 while cooling the inside of the stator 
iron core 2 and the stator coils 4 . The coolant component 
having reached the air gap 6 flows axially in the air gap 6 
to the ventilating duct 5 communicated to the ventilating 
passage 18a while cooling the inner peripheral side of the 
stator iron core 2 . The coolant component having reached 
the ventilating duct 5 communicated to the ventilating 
passage 18a flows in the ventilating ducts 5 together with 
the above -described coolant component which has been 
branched from the discharge side of the fan 13 onto the air 
gap 6 side. 
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According to this embodiment , part of the coolant 
cooled by the cooler 28a (or 28d) and boosted by the fan 13 
is branched; and the coolant component thus branched is 
cooled by the cooler 28b (or 28c), being introduced to the 
ventilating passage 18b (or 18c) positioned at the central 
portion in the axial direction of the stator iron core 2, 
and is allowed to flow from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, and 
accordingly, it is possible to supply the coolant 
sufficiently cooled by the cooler to the central portion in 
the axial direction of the stator iron core 2. 

As a result, according to this embodiment, the 
central portion in the axial direction of the stator iron 
core 2 at which the temperature of the supplied coolant 
tends to become highest and the amount of the supplied 
coolant tends to become smallest can be cooled by the 
coolant sufficiently cooled by the cooler, so that it is 
possible to suppress local heat generation in the air gap 6, 
and hence to level the axial temperature rise distribution 
in the generator, 
( Third Embodiment ) 

Fig, 7 shows a configuration of a turbine generator 
according to a third embodiment. This embodiment is a 
variation of the second embodiment, characterized in that 
the axial length of the turbine generator in this 
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embodiment is longer than that of the turbine generator in 
the second embodiment. Ventilating passages 18a to 18e, 
which continuously extend in the peripheral direction, are 
provided between a stator frame 1 and a stator iron core 2 
in parallel to each other in the axial direction. The 
ventilating passages 18a, 18b, 18d and 18e are communicated 
to a ventilating passage 21, and the ventilating passage 
18c is communicated to a ventilating passage 20. Coolers 
28a and 28c are provided in the ventilating passage 21 in 
such a manner as to be right -left symmetrical with respect 
to a center line 14, and a cooler 28b is provided in the 
ventilating passage 20 at a communicating portion 
communicated to the ventilating passage 18c. The cooler 
28b is smaller in size or cooling capacity than each of the 
coolers 28a and 28c. 

The other configuration of this embodiment is the 
same as that of the second embodiment, and therefore, the 
overlapped description thereof is omitted. In addition, 
since the ventilating passages and coolers are respectively 
right-left symmetrical with respect to the center line 14, 
and also the flow of a coolant and the temperature rise 
characteristic are respectively right-left symmetrical with 
respect to the center line 14, the configuration on one 
side from the center line 14 will be described below. 
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The flow of a coolant will be described below. When 
a fan 13 is rotated along with rotation of a rotating shaft 
9, a coolant enclosed in the generator is boosted, and is 
allowed to flow in respective ventilating passages. The 
coolant discharged on the discharge side of the fan 13 is 
branched on a component on a ventilating passage 23 side 
and the other component on an air gap 6 side. The coolant 
component branched on the air gap 6 side flows in an air 
gap 6 to ventilating ducts 5 communicated to the 
ventilating passages 18a and 18b while cooling the inner 
peripheral side of the stator iron core 2. 

The coolant component having reached the ventilating 
ducts 5 communicated to the ventilating passages 18a and 
18b flows in the ventilating ducts 5 from the inner 
peripheral side to the outer peripheral side of the stator 
iron core 2, that is, to the ventilating passages 18a and 
18b while cooling the inside of the stator iron core 2 and 
stator coils 4. The coolant component having reached the 
ventilating passages 18a and 18b cools the outer peripheral 
side of the stator iron core 2, and flows from the 
ventilating passages 18a and 18b to the cooler 28a via the 
ventilating passage 21. The coolant component having 
reached the cooler 28a is cooled by the cooler 28a, and 
flows from the cooler 28a to the suction side of the fan 13 
via a ventilating passage 25. 
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The coolant component branched on the ventilating 
passage 23 side flows radially in a ventilating passage 23 
to the ventilating passage 20 while cooling the end portion 
of the stator iron core 2 and the coil end portions of the 
stator coils 4 . The coolant component having reached the 
ventilating passage 20 flows axially in the ventilating 
passage 20 to the cooler 28b. The coolant component having 
reached the cooler 28b is cooled by the cooler 28b, and 
flows from the cooler 28b to the ventilating passage 18c. 
The coolant component having reached the ventilating 
passage 18c cools the outer peripheral side of the stator 
iron core 2, and flows in the ventilating passage 18c to 
the ventilating duct 5 communicated to the ventilating 
passage 18c. 

The coolant component having reached the ventilating 
duct 5 communicated to the ventilating passage 18c flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2 , that 
is, to the air gap 6 while cooling the inside of the stator 
iron core 2 and the stator coils 4 . The coolant component 
having reached the air gap 6 flows axially in the air gap 6 
to the ventilating ducts 5 communicated to the ventilating 
passages 18a and 18b while cooling the inner peripheral 
side of the stator iron core 2. The coolant component 
having reached the ventilating ducts 5 communicated to the 
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ventilating passages 18a and 18b flows in the ventilating 
ducts 5 together with the above-described coolant component 
having been branched from the discharge side of the fan 13 
onto the air gap 6 side. 

According to this embodiment , part of the coolant 
cooled by the cooler 28a (or 28c) and boosted by the fan 13 
is branched; and the coolant component thus branched is 
cooled by the cooler 28c, being introduced to the 
ventilating passage 18c positioned at the central portion 
in the axial direction of the stator iron core 2 , and is 
allowed to flow from the outer peripheral side to the inner 
peripheral side of the stator iron core 2. Accordingly, it 
is possible to supply the coolant sufficiently cooled by 
the cooler to the central portion in the axial direction of 
the stator iron core 2 . 

As a result , according to this embodiment , the 
central portion in the axial direction of the stator iron 
core 2 at which the temperature of the supplied coolant 
tends to become highest and the amount of the supplied 
coolant tends to become smallest can be cooled by the 
coolant sufficiently cooled by the cooler, so that it is 
possible to suppress local heat generation in the air gap 6, 
and hence to level the axial temperature rise distribution 
in the generator . 
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(Fourth Embodiment) 

Fig. 8 shows a configuration of a turbine generator 
according to a fourth embodiment . This embodiment is a 
combination example of the second and third embodiments, 
characterized in that the axial length of the turbine 
generator in this embodiment is further longer than that of 
the turbine generator in the third embodiment . Ventilating 
passages 18a to 18g, which continuously extend in the 
peripheral direction, are provided between a stator frame 1 
and a stator iron core 2 in parallel to each other in the 
axial direction- The ventilating passages 18a, 18c, 18e 
and 18g are communicated to a ventilating passage 21, and 
the ventilating passage 18d is communicated to a 
ventilating passage 20. A ventilating passage 31 for 
communicating a ventilating passage 23 to the ventilating 
passage 18b and a ventilating passage 32 for communicating 
a ventilating passage 24 to the ventilating passage 18f are 
provided between the stator frame 1 and the stator iron 
core 2 in such a manner as to be right -left symmetrical 
with respect to a center line 14. 

Coolers 28a and 28e are provided in the ventilating 
passage 21 in such a manner as to be right-left symmetrical 
with respect to the center line 14. A cooler 28c is 
provided in the ventilating passage 20 at a portion 
communicated to the ventilating passage 18d. The cooler 
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28c is smaller in size or cooing capacity than each of the 
coolers 28a and 28e. Coolers 28b and 28d are provided in 
the ventilating passage 31 in such a manner as to be right - 
left symmetrical with respect to the center line 14. The 
coolers 28b and 28d are each smaller than in size or 
cooling capacity than each of the coolers 28a and 28e. 

The other configuration of this embodiment is the 
same as that of each of the second and third embodiments, 
and therefore, the overlapped description thereof is 
omitted. In addition, since the ventilating passages and 
coolers are respectively right -left symmetrical with 
respect to the center line 14, and also the flow of a 
coolant and the temperature rise characteristic are 
respectively right -left symmetrical with respect to the 
center line 14, the configuration on one side from the 
center line 14 will be described below. 

The flow of a coolant will be described below. When 
a fan 13 is rotated along with rotation of a rotating shaft 
9, a coolant enclosed in the generator is boosted, and is 
allowed to flow in respective ventilating passages. The 
coolant discharged on the discharge side of the fan 13 is 
branched into a component on a ventilating passage 23 side 
and the other component on an air gap 6 side. The coolant 
component branched on the air gap 6 side flows in an air 
gap 6 to ventilating ducts 5 communicated to the 
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ventilating passages 18a and 18c while cooling the inner 
peripheral side of the stator iron core 2. 

The coolant component having reached the ventilating 
ducts 5 communicated to the ventilating passages 18a and 
18c flows in the ventilating ducts 5 from the inner 
peripheral side to the outer peripheral side of the stator 
iron core 2, that is, to the ventilating passages 18a and 
18c while cooling the inside of the stator iron core 2 and 
stator coils 4. The coolant component having reached the 
ventilating passages 18a and 18c cools the outer peripheral 
side of the stator iron core 2, and flows from the 
ventilating passages 18a and 18c to the cooler 28a via the 
ventilating passage 21. The coolant component having 
reached the cooler 28a is cooled by the cooler 28a, and 
flows from the cooler 28a to the suction side of the fan 13 
via a ventilating passage 25. 

The coolant component branched onto the ventilating 
passage 23 side flows radially in the ventilating passage 
23 to the ventilating passages 20 and 31 while cooling the 
end portion of the stator iron core 2 and the coil end 
portions of the stator coils 4. The coolant component 
having reached the ventilating passage 20 flows axially in 
the ventilating passage 20 to the cooler 28c. The coolant 
component having reached the cooler 28c is cooled by the 
cooler 28c, and flows from the cooler 28c to the 
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ventilating passage 18d. The coolant component having 
reached the ventilating passage 18d cools the outer 
peripheral side of the stator iron core 2 , and flows in the 
ventilating passage 18d to the ventilating duct 5 
conimunicated to the ventilating passage IBd. 

The coolant component having reached the ventilating 
duct 5 communicated to the ventilating passage 18d flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, that 
is , to the air gap 6 while cooling the inside of the stator 
iron core 2 and the stator coils 4. The coolant component 
having reached the air gap 6 flows axially in the air gap 6 
to the ventilating ducts 5 communicated to the ventilating 
passages 18a and 18c while cooling the inner peripheral 
side of the stator iron core 2. The coolant component 
having reached the ventilating ducts 5 communicated to the 
ventilating passages 18a and 18c flows in the ventilating 
ducts 5 together with the above -described coolant component 
having been branched from the discharge side of the fan 13 
onto the air gap 6 side. 

The coolant component having reached the ventilating 
passage 31 flows axially in the ventilating passage 31 to 
the cooler 28b. The coolant component having reached the 
cooler 28b is cooled by the cooler 28b, and flows from the 
cooler 28b to the ventilating passage 18b. The coolant 
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component having reached the ventilating passage 18b cools 
the outer peripheral side of the stator ion core 2, and 
flows in the ventilating passage 18b to the ventilating 
duct 5 communicated to the ventilating passage 18b. 

The coolant component having reached the ventilating 
duct 5 communicated to the ventilating passage 18b flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, that 
is, to the air gap 6 while cooling the inside of the stator 
iron core 2 and the stator coils 4. The coolant component 
having reached the air gap 6 flows axially in the air gap 6 
to the ventilating ducts 5 communicated to the ventilating 
passages 18a and 18c while cooling the inner peripheral 
side of the stator iron core 2 . The coolant component 
having reached the ventilating ducts 5 communicated to the 
ventilating passages 18a and 18c flows in the ventilating 
ducts 5 together with the above-described coolant component 
having been branched from the discharge side of the fan 13 
onto the air gap 6 side. 

According to this embodiment, part of the coolant 
cooled by the cooler 28a (or 28e) and boosted by the fan 13 
is branched; and the coolant component thus branched is 
cooled by the cooler 28c, being introduced to the 
ventilating passage 18d positioned at the central portion 
in the axial direction of the stator iron core 2, and is 
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allowed to flow from the outer peripheral side to the inner 
peripheral side of the stator iron core 2. Accordingly, it 
is possible to supply the coolant sufficiently cooled by 
the cooler to the central portion in the axial direction of 
the stator iron core 2 * 

As a result, according to this embodiment, the 
central portion in the axial direction of the stator iron 
core 2 at which the temperature of the supplied coolant 
tends to become highest and the amount of the supplied 
coolant tends to become smallest can be cooled by the 
coolant sufficiently cooled by the cooler, so that it is 
possible to suppress local heat generation in the air gap 6, 
and hence to level the axial temperature rise distribution 
in the generator. 
(Fifth Embodiment) 

Fig. 9 shows a configuration of a turbine generator 
according to a fifth embodiment. This embodiment is an 
example improved from the first embodiment, which is 
effective to the case where the axial length of a stator 
iron core 2 becomes longer. In this embodiment, the axial 
interval between adjacent two of the ventilating ducts 5 
provided in the stator iron core 2 is set at a large value 
in a first ventilating circuit 29, and is set at a small 
value in each of second and third ventilating circuits 30 
and 31, which is larger in ventilating distance and thermal 
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load than the first ventilating circuit 29, The other 
configuration is the same as that of the first embodiment, 
and therefore, the overlapped description thereof is 
omitted. 

According to this embodiment, since the axial 
interval between adjacent two of the ventilating ducts 5 
differs among the ventilating circuits 29, 30 and 31, it is 
possible to make smaller the amount of a coolant flowing in 
the first ventilating circuit 29 which is close to a fan 13 
and thereby shorter in ventilating distance and make larger 
the amount of the coolant flowing in each of the second and 
third ventilating circuits 30 and 31 which is distant from 
a fan 13 and thereby longer in ventilating distance, and 
hence to improve the effect of cooling the central portion 
in the axial direction of the stator iron core 2 and its 
neighborhood . 

Further, in this embodiment, since the axial 
interval between the adjacent two of the ventilating ducts 
5 differs among the ventilating circuits, it is possible to 
increase the cooling area of the central portion in the 
axial direction of the stator iron core 2 and its 
neighborhood by making small the exposed area of the stator 
iron core 2 and stator coils 4 in the first ventilating 
circuit 29 which is small in thermal load and making large 
the exposed area of the stator iron core 2 and the stator 
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coils 4 in each of the second and third ventilating 
circuits 20 and 31 which is large in ventilating distance 
and thermal load, and hence to further improve the effect 
of cooling the central portion in the axial direction of 
the stator iron core 2 and its neighborhood. 

It should be noted that this embodiment has been 
described as the example improved from the first 
embodiment; however, the configuration of this embodiment 
may be applied to the other embodiments. 
( Sixth Embodiment ) 

Figs. 10 to 12 show a configuration of a turbine 
generator according to a sixth embodiment . This embodiment 
is a variation of the first embodiment, in which the 
coolers 28 and the ventilating passages 20 and 21 provided 
in the lower portion of the generator in the first 
embodiment are provided in both a front portion (front 
surface side) and a rear portion (back surface side) of the 
generator. The coolers placed in the vertical direction 
are aligned in a row in the axial direction on the front 
and back surfaces of the generator in such a manner as to 
project therefrom. 

A cooler 28a provided in a ventilating passage 18a, 
a cooler 28c provided in a ventilating passage 18c, a 
cooler 28e provided in a ventilating passage 18e, and a 
cooler 28g provided in a ventilating passage 18g are 
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arranged on the front portion of the generator in such a 
manner as to be right-left symmetrical with respect to a 
center line 14. A ventilating passage 21 communicated to 
the ventilating passages 18a, 18c, 18e, and 18g is provided 
in the front portion of the generator . 

A cooler 28b provided in a ventilating passage 18b, 
a cooler 28d provided in a ventilating passage 18d, and a 
cooler 28f provided in a ventilating passage 18f are 
arranged on the rear portion of the generator in such a 
manner as to be right -left symmetrical with respect to the 
center line 14, A ventilating passage 20 communicated to 
the ventilating passages 18b, 18d, and 18e is provided in 
the front portion of the generator. The other 
configuration is the same as that of the first embodiment, 
and therefore, overlapped description thereof is omitted. 

According to this embodiment, the coolers 28a, 28c, 
28e, and 28g are arranged on one side (front portion of the 
generator) of a space between a stator frame 1 and a stator 
iron core 2 opposed to each other with respect to a 
rotating shaft 9, and the coolers 28b, 28d, and 28f are 
arranged on the other side (rear portion of the generator) 
of the space. Accordingly, in the first, second, and third 
ventilating circuits 29, 30 and 31, a region in which a 
coolant flows from the inner peripheral side to the outer 
peripheral side of the stator iron core 2 and then passes 



through the coolers 28 can be formed in the front portion 
of the generator, and a region in which the coolant passes 
through the coolers 28 and then flows from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 2 can be formed in the rear portion of the 
generator. As a result, it is possible to eliminate the 
intersection of the ventilating passages in which the 
coolant flows, and hence to reduce the ventilating 
resistance of the coolant. This makes it possible to 
increase the amount of the coolant sufficiently cooled to 
be supplied to the central portion of the axial direction 
of the stator iron core 2 and its neighborhood, and hence 
to further improve the effect of cooling the central 
portion in the axial direction of the stator iron core 2 . 

In this embodiment, description has been made by way 
of the example in which the coolers are arranged in both 
the front and rear portions of the generator; however, the 
same effect can be obtained even by adopting an example in 
which the coolers are arranged in both the upper and lower 
portions of the generator . 
( Seventh Embodiment ) 

Fig. 13 shows a configuration of a turbine generator 
according to a seventh embodiment . The turbine generator 
in this embodiment is of an open -type in which the inside 
of the generator is cooled by atmospheric air sucked in the 
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generator. In the figure, reference numeral 50 designates 
a stator frame. A cylindrical stator iron core 51 is 
provided inside the stator frame 50. A plurality of slots, 
which continuously extend in the axial direction, are 
formed in an inner peripheral portion of the stator iron 
core 51 in such a manner as to extend in the peripheral 
direction, Stator coils 52 are enclosed in the slots. A 
plurality of ventilating ducts 53, which continuously 
extend in the radial direction, are formed in the stator 
iron core 51 in such a manner as to be spaced from each 
other at equal intervals in the axial direction. 

A rotor iron core 55 is provided on the inner 
peripheral side of the stator iron core 51 with an air gap 
54 put between the rotor iron core 55 and the stator iron 
core 51. A plurality of slots, which continuously extend 
in the axial direction, are formed in an outer peripheral 
portion of the rotor iron core 55 in such a manner as to 
extend in the peripheral direction, and rotor coils are 
enclosed in the slots. Cylindrical retaining rings 56 for 
pressing both ends of the rotor coils are provided at both 
ends of the rotor iron core 55. A rotating shaft 57 is 
provided integrally with the rotor iron core 5 5 in such a 
manner as to extend in the axial direction along the 
central axis of the rotor iron core 55. 
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Annular end brackets 58 functioning as block members 
are provided at both axial ends of the stator frame 50. A 
bearing apparatus for rotatably supporting the rotating 
shaft 57 is provided on the inner peripheral side of each 
end bracket 58. A current collector for supplying a power 
to the rotor coils during rotation is provided at one end 
(outside the bearing apparatus) of the rotating shaft 57. 
A connecting portion connected to a turbine as a rotating 
source of the generator is formed at the other end (outside 
the bearing apparatus) of the rotating shaft 57. 

Fans 59 for boosting a coolant sucked in the 
generator and circulating it in the generator are provided 
at both ends (inside the bearing apparatuses) of the 
rotating shaft 57. While the fans 59 are used as the 
boosters for boosting a coolant in this embodiment, other 
types of boosters may be used. The fans 5 9 provided at 
both the ends (outside the bearing apparatuses) of the 
rotating shaft 57 are right -left symmetrical with respect 
to a center line 60. The center line 60 is a bisector 
which crosses the rotating shaft 57 at right angles at such 
a position as to equally divide a distance between the end 
brackets 58 into two right-left symmetric parts. 

An air suction hole 61 for sucking atmospheric air 
in the generator is provided on the inner peripheral side 
of each end bracket 58 in such a manner as to face to the 
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fan 59. An air discharge hole 62 for discharging the 
atmospheric air having been sucked in the generator to the 
outside of the generator is provided on the outer 
peripheral side of each end bracket 58. 

Ventilating passages 63a to 63g, which continuously 
extend in the peripheral direction, are provided between 
the stator frame 50 and the stator iron core 51 in parallel 
to each other in the axial direction. The ventilating 
passages 63a to 63g are formed by a plurality of annular 
partition plates 64 for partitioning a space between the 
stator frame 50 and the stator iron core 51 in the axial 
direction, the inner surface of the stator frame 50, and 
the outer peripheral surface of the stator iron core 51, 
and are communicated to the ventilating ducts 53. The 
ventilating passages 63a to 63g are right-left symmetrical 
with respect to the center line 60. 

Ventilating passages 65 and 66, which continuously 
extend in the radial direction, are provided between the 
stator iron core 51 and the end bracket 58. The 
ventilating passages 65 and 66 are right-left symmetrical 
with respect to the center line 60. Ventilating passages 
67 and 68, which communicate the air suction holes 61 to 
the fans 59 and continuously extend in the axial direction, 
are provided between the end brackets 58 and the fans 59. 
The ventilating passages 6 7 and 68 are formed by 
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partitioning spaces between the stator iron core 51 and the 
end brackets 58 by means of cylindrical partitioning plates 
69, and are right-left symmetrical with respect to the 
center line 60. 

A ventilating passage 70, which communicates the 
ventilating passages 65 and 66 to the ventilating passages 
63b, 63d and 63f and continuously extends in the axial 
direction, is provided in the lower portion of the 
generator. A ventilating passage 71, which communicates 
the air discharge holes 62 to the ventilating passages 63a, 
63c, 63e and 63g and continuously extends in the axial 
direction, is also provided in the lower portion of the 
generator. 

Coolers 72 for cooling the coolant having been 
sucked from the outside of the generator are provided in 
the ventilating passages 63b, 63d and 63f . The coolers 72a 
to 72c are arranged in a lower portion of the generator in 
such a manner as to be aligned in a row in the axial 
direction. It should be noted that the coolers 72a to 72c 
may be arranged in an upper portion of the generator. The 
coolers 72a to 72c are right -left symmetrical with respect 
to the center line 60, A pipe line for supplying cooling 
water and a pipe line for discharging the cooling water are 
connected to each of the coolers 72a to 72c. The coolers 
72a to 72c are identical to each other in terms of cooling 
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capacity . 

A plurality of ventilating circuits including the 
above -described ventilating passages are formed in the 
generator. A first ventilating circuit 73, a second 
ventilating circuit 74, and a third ventilating circuit 75 
are formed on one side (left side in Fig. 13) from the 
center line 60, and similarly three ventilating circuits 
are formed on the other side (right side in Fig. 13) from 
the center line 60. The three ventilating circuits formed 
on the one side from the center line 60 are right-left 
symmetrical to the three ventilating circuits formed on the 
other side from the center line 60. Further, the flow of a 
coolant and the temperature rise characteristic on the one 
side from the center line 60 are right-left symmetrical to 
those on the other side from the center line 60. Therefore, 
the configuration of the ventilating circuits and the flow 
of a coolant on the one side from the center line 60 will 
be described below. 

The first ventilating circuit 73 is an open loop 
shown by a solid arrow in Fig. 13, which extends from the 
air suction hole 61 to the fan 59 via the ventilating 
passage 67, and further extends from the fan 59 to the air 
discharge hole 62 via the air gap 54, ventilating duct 53, 
ventilating passage 63a, and ventilating passage 71. 
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The second ventilating circuit 7 4 is an open loop 
shown by a dotted arrow in Fig. 13, which extends from the 
air suction hole 61 to the fan 59 via the ventilating 
passage 67, further extending from the fan 59 to the cooler 
72a via the ventilating passages 65 and 70, and extends 
from the cooler 72a to the air discharge hole 62 via the 
ventilating passage 63b, ventilating duct 53, air gap 54, 
ventilating duct 53, and ventilating passages 63c and 71. 

The third ventilating circuit 7 5 is an open loop 
shown by a dotted arrow in Fig. 13, which extends from the 
air suction hole 61 to the fan 59 via the ventilating 
passage 67, further extending from the fan 59 to the cooler 
72b via the ventilating passages 65 and 70, and extends 
from the cooler 72b to the air discharge hole 62 via the 
ventilating passage 63d, ventilating duct 53, air gap 54, 
ventilating duct 53, and ventilating passages 63c and 71. 

The flow of a coolant will be described below. First, 
atmospheric air, which is sucked from the air suction hole 
61 into the generator by rotation of the fan 59, reaches 
the air suction side of the fan 59 via the ventilating 
passage 67. The atmospheric air is boosted by the fan 59, 
and is allowed to flow from the discharge side of the fan 
59 to respective ventilating circuits. 

In the first ventilating circuit 73, the atmospheric 
air boosted by the fan 59 flows axially in the air gap 54 
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to the ventilating duct 53 communicated to the ventilating 
passage 63a while cooling the inner peripheral side of the 
stator iron core 51. The atmospheric air having reached 
the ventilating duct 53 communicated to the ventilating 
passage 63a flows in the ventilating duct 53 from the inner 
peripheral side to the outer peripheral side of the stator 
iron core 51, that is, to the ventilating passage 63a while 
cooling the inside of the stator iron core 51 and the 
stator coils 52. The atmospheric air having reached the 
ventilating passage 18a cools the outer peripheral side of 
the stator iron core 51, and flows from the ventilating 
passage 18a to the air discharge hole 62 via the 
ventilating passage 71. 

In the second ventilating circuit 74, the 
atmospheric air boosted by the fan 59 flows radially in the 
ventilating passage 65 to the ventilating passage 70 while 
cooling the end portion of the stator iron core 51 and the 
coil end portions of the stator coils 52. The atmospheric 
air having reached the ventilating passage 70 flows axially 
in the ventilating passage 70 to the cooler 72a- The 
atmospheric air having reached the cooler 7 2a is cooled by 
the cooler 72a, and flows in the ventilating passage 63b in 
the peripheral direction while cooling the outer peripheral 
side of the stator iron core 51 and reaches the ventilating 
duct 53 communicated to the ventilating passage 63b. 
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The atmospheric air having reached to the 
ventilating duct 53 communicated to the ventilating passage 
63b flows in the ventilating duct 53 from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 51, that is, to the air gap 54 while cooling the 
inside of the stator iron core 51 and the stator coils 52. 
The atmospheric air having reached the air gap 54 flows 
axially in the air gap 54 to the ventilating duct 53 
communicated to the ventilating passage 63c while cooling 
the inner peripheral side of the stator iron core 51. 

The atmospheric air having reached the ventilating 
duct 53 communicated to the ventilating passage 63c flows 
in the ventilating duct 53 from the inner peripheral side 
to the outer peripheral side of the stator iron core 51, 
that is, to the ventilating passage 63c while cooling the 
inside of the stator iron core 51 and the stator coils 52. 
The atmospheric air having reached the ventilating passage 
63c cools the outer peripheral side of the stator iron core 
51, and flows from the ventilating passage 63c to the air 
discharge hole 62 via the ventilating passage 71. 

In the third ventilating circuit 75, the atmospheric 
air boosted by the fan 59 flows in the ventilating passage 
65 to the ventilating passage 70 while cooling the end 
portion of the stator iron core 51 and the coil end 
portions of the stator coils 52. The atmospheric air 
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having reached the ventilating passage 70 flows axially in 
the ventilating passage 70 to the cooler 72b. The 
atmospheric air having reached the cooler 7 2b is cooled by 
the cooler 72b, and flows in the ventilating passage 63d in 
the peripheral direction while cooling the outer peripheral 
side of the stator iron core 51 and reaches the ventilating 
duct 53 communicated to the ventilating passage 63d. 

The atmospheric air having reached the ventilating 
duct 53 communicated to the ventilating passage 63d flows 
in the ventilating duct 53 from the outer peripheral side 
to the inner peripheral side of the stator iron core 51, 
that is, to the air gap 54 while cooling the inside of the 
stator iron core 51 and the stator coils 52. The 
atmospheric air having reached the air gap 54 flows axially 
in the air gap 54 to the ventilating duct 53 communicated 
to the ventilating passage 63c while cooling the inner 
peripheral side of the stator iron core 51. 

The atmospheric air having reached the ventilating 
duct 53 communicated to the ventilating passage 63c flows 
in the ventilating duct 53 from the inner peripheral side 
to the outer peripheral side of the stator iron core 51, 
that is, to the ventilating passage 63c while cooling the 
inside of the stator iron core 51 and the stator coils 52. 
The atmospheric air having reached the ventilating passage 
63c cools the outer peripheral side of the stator iron core 
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51, and flows from the ventilating passage 63c to the air 
discharge hole 62 via the ventilating passage 71. 

According to this embodiment configured as described 
above, the atmospheric air sucked from the outside of the 
generator and boosted by the fan 59 is introduced to the 
ventilating passage 63d positioned at the central portion 
in the axial direction of the stator iron core 51, being 
cooled by the cooler 72b, and is allowed to flow from the 
outer peripheral side to the inner peripheral side of the 
stator iron core 51, so that it is possible to supply the 
atmospheric air sufficiently cooled to the_ central portion 
in the axial direction of the stator iron core 51. 

Accordingly, the central portion in the axial 
direction of the stator iron core 51 at which the 
temperature of the supplied atmospheric air tends to become 
highest and the amount of the supplied atmospheric air 
tends to become smallest can be cooled by the atmospheric 
air sufficiently cooled by the cooler, and thereby local 
heat generation in the air gap 54 can be suppressed- This 
makes it possible to level the axial temperature rise 
distribution in the generator and hence to suppress the 
thermal oscillation stroke of the rotor. 
( Eighth Embodiment ) 

Fig. 14 shows a configuration of a turbine generator 
according to an eighth embodiment . This embodiment is a 
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variation of the seventh embodiment. The turbine generator 
in this embodiment is of an open type like the seventh 
embodiment- In this embodiment, coolers 72a and 72b are 
provided at both ends of a ventilating passage 70 in such a 
manner as to be right -left symmetrical with respect to a 
center line 60. The other configuration is the same as 
that of the seventh embodiment, and therefore, the 
overlapped description thereof is omitted. 

Even in this embodiment, the same effect can be 
obtained by providing the same ventilating circuits and 
flow of atmospheric air as those in the seventh embodiment, 
and further, since the number of the coolers is reduced by 
one, it is possible to simplify the configuration of the 
generator and hence to reduce the cost of the generator. 

Industrial Applicability 

The present invention is effective to a rotating 
electric machine in which coolers for cooling a coolant 
such as air or hydrogen gas are provided- In particular, 
the present invention is effective to a rotating electric 
machine using air as a coolant, that is, an air-cooled 
generator, and is allowed to increase the capacity of a 
generator, for example, of a hydrogen-cooled type. 
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CLAIMS 

1. A rotating electric machine comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

a cooler provided at least in one, communicated to a 
central portion in the axial direction of said stator iron 
core, of said plurality of ventilating passages; 

a booster for boosting a coolant; and 

a ventilating circuit in which the coolant boosted 
by said booster, being cooled by said cooler, and is 
allowed to flow to said central portion in the axial 
direction of said stator iron core in the direction from 
the outer peripheral side to the inner peripheral side of 
said stator iron core via said ventilating passage 
communicated to said central portion in the axial direction 
of said stator iron core. 

2. A rotating electric machine comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

coolers provided in said plurality of said 
ventilating passages ; 

a booster for boosting a coolant; and 

a ventilating circuit in which part or all of the 
coolant cooled by one of said coolers and boosted by said 
booster is further cooled by another of said coolers, and 



is allowed to flow to a central portion in the axial 
direction of said stator iron core in the direction from 
the outer peripheral side to the inner peripheral side of 
said stator iron core at least via one, communicated to 
said central portion in the axial direction of said stator 
iron core, of said plurality of ventilating passages. 

3- A rotating electric machine comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

coolers provided in said plurality of ventilating 
passages ; 

a fan for boosting a coolant; 

a first ventilating circuit in which the coolant 
boosted by said fan is introduced from the inner peripheral 
side of said stator iron core into some of said ventilating 
passages and is cooled by some of said coolers; and 

a second ventilating circuit in which the coolant 
boosted by said fan is cooled by some of said coolers and 
is allowed to flow to said stator iron core in the 
direction from the outer peripheral side to the inner 
peripheral side of said stator iron core via some of said 
ventilating passages; 

wherein at least one, communicated to a central 
portion in the axial direction of said stator iron core, of 
said plurality of ventilating passages constitutes part of 
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said second ventilating circuit. 

4. A rotating electric machine comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

coolers provided in said plurality of ventilating 
passages ; 

a fan for boosting the coolant; 

a first ventilating circuit in which the coolant 
boosted by said fan is introduced from the inner peripheral 
side of said stator iron core to some of said ventilating 
passages and is cooled by some of said coolers; and 

a second ventilating circuit in which the coolant 
boosted by said fan and branched from said first 
ventilating circuit is cooled by some of said coolers, and 
is allowed to flow to said stator iron core in the 
direction from the outer peripheral side to the inner 
peripheral side of said stator iron core; 

wherein at least one, communicated to a central 
portion in the axial direction of said stator iron core, of 
said plurality of ventilating passages constitutes part of 
said second ventilating circuit . 

5 . A rotating electric machine in which the inside 
of said machine is cooled by a coolant enclosed therein, 
comprising : 



a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

coolers provided in said plurality of ventilating 
passages ; 

a fan for boosting a coolant; 

a first ventilating circuit in which the coolant 
boosted by said fan is introduced from the inner peripheral 
side of said stator iron core into some of said ventilating 
passages and is cooled by some of said coolers; and 

a second ventilating circuit in which the coolant 
boosted by said fan is cooled by some of said coolers and 
is allowed to flow to said stator iron core in the 
direction from the outer peripheral side to the inner 
peripheral side of said stator iron core via some of said 
ventilating passages; 

wherein at least one, communicated to a central 
portion in the axial direction of said stator iron core, of 
said plurality of ventilating passages constitutes part of 
said second ventilating circuit. 

6 . A rotating electric machine in which the inside 
of said machine is cooled by atmospheric air sucked from 
outside said machine, comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 
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a fan for boosting a coolant; 

a first ventilating circuit in which the atmospheric 
air boosted by said fan is introduced from the inner 
peripheral side of said stator iron core into some of said 
ventilating passages; and 

a second ventilating circuit in which the 
atmospheric air boosted by said fan is allowed to flow to 
said stator iron core in the direction from the outer 
peripheral side to the inner peripheral side of said stator 
iron core via some of said ventilating passages; 

wherein a cooler is provided at least in one, which 
constitutes part of said second ventilating circuit and 
which is communicated to a central portion in the axial 
direction of said stator iron core, of said plurality of 
ventilating passages . 

7. A rotating electric machine in which the inside 
of said machine is cooled by atmospheric air sucked from 
outside said machine, comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

a fan for boosting a coolant; 

a first ventilating circuit in which the atmospheric 
air boosted by said fan is introduced from the inner 
peripheral side of said stator iron core into some of said 
ventilating passages; and 
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a second ventilating circuit In which the 
atmospheric air boosted by said fan Is allowed to flow to 
said stator Iron core In the direction from the outer 
peripheral side to the Inner peripheral side of said stator 
Iron core via some of said ventilating passages; 

wherein a cooler Is provided at least on the way of 
a ventilating passage for communicating an atmospheric air 
suction hole to one, which constitutes part of said second 
ventilating circuit and which is communicated to a central 
portion in the axial direction of said stator iron core, of 
said plurality of ventilating passages. 

8. A rotating electric machine according to any one 
of claims 1 to 7 , wherein said coolers are provided in an 
upper or lower portion of said rotating electric machine. 

9. A rotating electric machine comprising: 

a plurality of ventilating passages formed between a 
stator frame and a stator iron core; 

coolers provided in said plurality of ventilating 
passages ; 

a fan for boosting a coolant; 

a first ventilating circuit in which the coolant 
boosted by said fan is introduced from the inner peripheral 
side of said stator iron core into some of said ventilating 
passages and is cooled by some of said coolers; and 
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a second ventilating circuit in which the coolant 
boosted by said fan is cooled by some of said coolers and 
is allowed to flow to said stator iron core in the 
direction from the outer peripheral side to the inner 
peripheral side of said stator iron core via some of said 
ventilating passages ; 

wherein at least one, communicated to a central 
portion in the axial direction of said stator iron core, of 
said plurality of ventilating passages constitutes part of 
said second ventilating circuit; and 

said coolers provided in said first ventilating 
circuit and said coolers in said second ventilating circuit 
are opposed to each other with a rotating shaft put 
therebetween • 

10. A rotating electric machine according to any one 
of claims 1 to 9 , wherein said stator iron core has a 
plurality of ventilating ducts which continuously extend in 
the radial direction and which are arranged in the axial 
direction ; and 

axial intervals of those, positioned at said central 
portion in the axial direction of said stator iron core, of 
said ventilating ducts are smaller than axial intervals of 
those, positioned at the other portion of said stator iron 
core, of said ventilating ducts. 
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11. A rotating electric machine according to any one 
of claims 3 to 9 , wherein said stator iron core has a 
plurality of ventilating ducts which continuously extend in 
the radial direction and which are arranged in the axial 
direction; and 

axial intervals between those, constituting part of 
sai^ second ventilating circuit, of said ventilating ducts 
are smaller than axial intervals between those, 
constituting part of said second ventilating circuit, of 
said ventilating ducts. 

12. A method of cooling a rotating electric machine, 
comprising the steps of: 

introducing a boosted coolant on the outer 
peripheral side of a stator iron core; 

cooling the coolant thus introduced; and 
allowing the coolant thus cooled to flow at least to 
a central portion in the axial direction of the stator iron 
core in the direction from the outer peripheral side to the 
inner peripheral side of the stator iron core. 
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ABSTRACT 

Disclosed is a rotating electric machine capable of 
leveling the axial temperature rise distribution in the 
machine by supplying a coolant sufficiently cooled to a 
central portion in the axial direction of an iron core 
which is most distant from each of the axial ends of the 
iron core. A plurality of ventilating passages 18, which 
continuously extend in the peripheral direction, are 
provided in the axial direction between a stator frame 1 
and a stator iron core 2, and coolers 28 are provided in 
the ventilating passages 18. A coolant boosted by a 
booster is cooled by the coolers 28 and is allowed to flow 
to a central portion in the axial direction of the stator 
iron core 2 in the direction from the outer peripheral side 
to the inner peripheral side of the stator iron core 2 via 
ventilating passages 15, communicated to the central 
portion in the axial direction of the stator iron core 2, 
of the ventilating passages 18. 
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